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RIFT VALLEY FEVER , THE NEUROTROPIC ADAPTATION OF 
THE VIRUS AND THE EXPERIMENTAL USE OF THIS 
MODIFIED VIRUS AS A VACCINE 

K C SMITHBURN 

From the Yellow Fever Research Institute, Entebbe, Uganda 
> Reoeived for publication June it, 1948 

In 1944 Rift Valley fever virus was isolated from 6 different lots of mosquitoes 
captured in uninltabited forest in western Uganda during investigations, the 
objective of which was to determine the forest vector of yellow fever (Smithbum, 
Haddow and Gillett, 1948) In the hope of demonstrating the presence of 
yellow fever virus m wild-caught mosquitoes, suspensions of the insects were 
inoculated mtracerebrally mto mice The 6 strains isolated were not immediately 
recognized as Rift Valley fever virus Although histological studies m a 
second passage mouse gave a clue to the identity, and although it was found that 
the agents were pathogemc by extraneural inoculation, these 6 and 2 other 
strains recovered from persons infected m the laboratory were transmitted by 
intracerebral passage, simply because of technical facility All the strains so 
passed in senes ultimately lost them hepatotropism and retamed then neurotropic 
pioperties Controlled experiments were then undertaken to determine whether 
this modification of the virus could be brought about regularly by intracerebral 
passage When this was found to be the case, studies were made to determine 
the efficacy of the modified (neurotropic) virus as an immunizing agent The 
results of these investigations are the subject of the present communication 

Mackenzie and Findlay (1936) and Mackenzie, Findlay and Stem (1936) 
found that the neurotropic properties of Rift Valley fever virus could be retained 
oi enhanced, with simultaneous diminution of the hepatotropism, by serial 
intracerebral passage of the virus m mice previously injected mtrapentoneally 
with specific Rift Valley fever immune serum The experiments here reported 
indicate that the use -of the immune serum is not necessary, although it nwy 
expedite the modification of the virus 

MATERIALS AND METHODS 

All of the strains of virus used m this investigation and most of the methods 
employed in studying them have been described elsewhere (Smithbum, Haddow 
and Gillett, 194S) Special methods employed m the present work are given 
here 
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Titrations of virus content of tissues 

Tissues were removed. asepticaUy and weighed, and 10 per cent suspensions 
were prepared m 10 per cent non-rmmune serum in physiological saline (hereafter 
referred to as serum-saline) All suspensions for use m a given test were centri- 
fuged' simultaneously for 20 minutes at approximately 3000 rpm Serial 
decimal dilutions of the supemate from each suspension were prepared m serum- 
saline The same flask of diluent was used for all the tissues in any one experi- 
ment Groups of 6 or 12 mice were inoculated with each dilution of each sus- 
pension Preparation of the dilutions was timed to coincide with the rate of 
inoculations All inoculations were done by the same technician End-pomts 
were calculated by the method of Reed and Muench (1938) 

Use of modified virus as a vaccine 

In mice — All the mice to be used in a given experiment were brought into 
the laboratory at the same time, and separated into test and control groups 
which were as nearly alike as possible in age and sex The mice of one group 
were then inoculated intrapentoneally, each with 0 06 ml of a 1 per cent bram 
suspension of mice infected with intracerebral-passage virus (Smithbum, Haddow 
and Gillett, 1948), strain 2 At selected intervals after the immunizing injections, 
intrapentoneal titrations of fully virulent pantropic virus were made in both 
the control and vaccinated mice, using 12 mice per group in each mstance 

In lambs — European-native hybrid stock lambs were used Prior to the 
experiments a protection test was done on each to make certain it was non- 
lmmune In each test the immunized and control animals were as near the 
same age as possible, and in one instance they were twins Single injections of 
1 0 ml of 1 per cent or 10 per cent mouse-brain supemate were given sub- 
cutaneously Following the immunizing injections, each lamb was bled daily, 
and its serum was inoculated mtracerebrally into mice to test for the presence of 
the neuiotropic virus m the blood Protection tests were also made at various 
mtervals after the injection of neurotropic virus to learn whether antibody was 
demonstrable m the serum At an appropriate interval following the moculation 
of neurotropic vrrusi the test and control lambs were inoculated subcutaneously 
with a challenge dose of virulent pantropic Rift Valley fever virus Daily 
tests foi circulating virus were made in both the test and control annuals Their 
sera were, m this case, inoculated intrapentoneally into mice Temperatures 
weie taken on lambs once daily on Sundays and holidays, and twice daily at 
otliei times All lambs remaining ahve at the end of the experiments were bled, 
and piotection tests were done on their sera 

EXPERIMENTS AND RESUETS 

The first indication that our stock intracerebral-passage vims had become 
modified was obtamed when it was noted that the titre of virus m intra- 
pentoneal protection tests was lower than formerly, that those mice which 
sickened and died did so only after prolonged incubation periods, and that there 
was a considerable incidence of paralysis among mice inoculated either intra- 
pentoneally or mtracerebrally Paralysis had not been observed at all in the 
earliest passages, even when mice were inoculated mtracerebrally In fact, a 
strikmg feature was the paucity or total absence of lesions in the brains of mice 
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which received intracerebral inoculations with low passage virus The patho- 
genic effects were manifest wholly or principally in the abdominal visceral tissues, 
notably m the liver By contrast, histological examinations of mice receiving 
high mtracerebral-passage virus revealed a complete absence, or striking 
diminution in the extent, of hepatic lesions, and the appearance of necrosis m 
nerve cells in the brains of the mice ' 

Virus lrnes of low, medium and high intracerebral passages were on hand at 
this time These were employed in experiments to determine the concentration 
of virus in various tissues at different passages, and to learn whether there were 
marked quantitative differences in the potency of virus introduced by different 
routes The tests with low, medium and high passage virus were made on 
different days, within a 2-week period In each experiment 2 sick mice were 
sacrificed, and titrations were made of the virus content of the pooled hearts, 
lungs, spleens, kidneys, livers and brains 

As shown m Table I, the low passage virus was present m high concentration 
in all the tissues, possibly owing to its presence m the blood of the mice The 


Table I — Results of Intracerebral and Intrapentoneal Titrations of Virus Content 
of Various Tissues of Mice Inoculated until Low, Medium or High Passage 
Mouse-bram Virus 


Tissue 

Heart 

Lung 

Spleen 

Kidney- 

Liver 

99 

Brain 

99 


Route of Inoculation 
Intracerebral 

99 

99 

99 

99 

Intrapentoneal 

Intracerebral 

Intrapentoneal 




0th passage 


Medium* passage 


31.700.000 

72.500.000 

72.600.000 

49.000. 000 

83.000. 000 

16.300.000 
252,000 

16,300 


616,000 

427.000 

850.000 

575.000 

31.700.000 

15.800.000 
1,620,000 

10,300 


79th passage 
< 10 
1,380 
537 
42 
100 
< 10 
16,300,000 
370 


* 9th intracerebral passage of virus recovered from a human who was suffering from a laboratory 
infection probably mduced by 22nd intracerebral passage of stock virus strain 2, isolated from mos- 
quitoes This probably represents 31st mouse passage with one intervening human passage 


concentration of virus was highest m the liver and lowest m the bram The 
intrapentoneal titration of the bram gave a lower value than did the intracerebral 
titration, a difference which is probably significant, m view of the fact that each 
dilution was tested by each route m groups of 12 mice 

The medium passage virus showed significantly lower titres in all tissues 
except liver and bram The values for liver were actually less, but probably 
not significantly so The intracerebral titration of medium passage brain gave 
a higher value than did the low passage virus, but the intrapentoneal titration 
of medium passage bram showed a relative, if not an absolute, decline in potency 

The 79th passage mouse tissues showed consistently and significantly lower 
virus titres m every instance except m the bram titrated mtracerebrallv The 
lattei tissue showed a significant nse m virus content However, comparison 
of the intracerebral and intrapentoneal titrations reveals that, although the 
brams contained a great deal of virus, it was not very effective v hen introduced 
mtrapentoneally 

These studies made it obvious that the virus had undergone a progressne 
modification during the course of senal intracerebral passages It seemed 
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important to determine whether this was an accidental phenomenon, or whether 
it occurred regularly, and could be induced under controlled conditions 
Accordingly, an ampoule of desiccated 7th intracerebral-passage virus, known 
to possess high hepatotropic potency, was rehydrated, and groups of mice were 
inoculated mtracerebrally and mtrapentoneally Employing bram tissue, 
serial intracerebral passages were made from the group inoculated mtracerebrally , 
and from the group inoculated mtrapentoneally serial mtrapentoneal passages 
of liver suspension were made Tissues of mice in each of these series were 
studied histologically at various passage intervals Further, intracerebral 
and mtrapentoneal titrations of 9th mtracerebral-passage mouse livers and 
brains were made, and intracerebral and mtrapentoneal titrations of livers and 
brams of both passage lines were made at the 20th and 61st transfers The 
titrations of 9th-passage mouse tissues formed a part of the previous experiment. 

The results of these tests, shown m Table II, indicate that the decline in 
hepatotropism with senal intracerebral passage of Rift Valley fever virus was 


Table II — Results of Tests Showing Loss of Hepatotropism and Enhancement 
of Neurotropism with Senal Intracerebral Passage, and Maintenance of 
Hepatotropism with Passage of the Same Strain Intraperitoneally 


Passage line 

Tissue 

Route Inoculated 


Titre of virus, 1 In— 

- 

tested 






0th passage 

20th passage 

61st passage 


rBram -j 

r Intracerebral 

252,000 

56,000 

1,580,000 

Intracerebral passages J 

i Intrapentoneal 

16,300 

14,200 

< 10* 

employing brain tissue j 

__ Liver -j 

> Intracerebral 

83,000,000 

31,700,000 

32 


Intrapentoneal 

16,300,000 

1,420,000 

< 10* 


J' Bram «j 

f Intracerebral 


6,900 

56,000 

Intrapentoneal passages j 

1 Intrapentoneal 


5,000 

100,000 

employing liver tissue i 

[_ Liver *| 

1 Intracerebral 


31,700,000 

317,000,0001 


Intrapentoneal 


23,000,000 

317,000,000f 


* 10 per cent suspension caused neither illness nor death 
t End points not obtained 


not an accidental phenomenon It occurred again and under controlled 
conditions There was, m addition, evidence of simultaneous enhancement 
of neurotropism with serial intracerebral passage On the other hand, hepato- 
tropism (or pantropism) was well maintained by mtrapentoneal transfer of 
liver tissue made through an equal number of passages and over the same period 
of time 

Histological studies 

Tissues from mice of the earliest passages, at which tune paralysis was not 
a part of the cluneal picture, exhibited the following features 

Biain — Neither gross nor microscopic lesions attnbutable to the virus were 
present 

Lnci — This tissue was the site of the principal lesions Usually the liver 
was brownish red m colour and less firm than normal, but not increased m size 
Congestion was intense and haemorrhages were common The hepatic cells 
were involved m a pan-lobular necrosis of extreme degree Many hepatic cells 
showed swollen, vesicular nuclei with chromatin arranged around the nuclear 
membranes , some cells so affected contamed intranuclear acidophilic inclusions 
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of round, oval or irregular form Other cells exhibited pyknosis or karyorrhexis 
Nuclear debns was abundant Less affected cells showed only cloudy swelling, 
but very few hepatic cells escaped injury The hepatic cords were disrupted 
Small, round or oval, brightly acidophilic “ hyaline pearls ” were scattered 
through the tissues, some apparently in sinusoids, others m the cytoplasm of 
hepatic cells In the occasional mice which survived longer than the average, 
the debns of the mass of necrotic cells was m the process of bemg engulfed by 
large, highly vacuolated phagocytes, probably Kupffer cells 

A systematic study of the progressive changes occurring during the neuro- 
adaptation of Rift Valley fever virus has been made by S F Kitchen It 
suffices here to record the lesions found in high intracerebral-passage mice, and 
to compare these with the lesions induced by the early-passage pantropic virus 

Liver — Tissue from a mouse of the 67th passage showed minimal evidence 
of the lesions described above No hepatic lesions were observed in 78th- and 
81st-passage mice 

Brain — The principal lesions m mice of the 67th, 78th and 81st intracerebral 
passages were m the bram These consisted of congestion, diffuse necrosis of 
ganghon cells with derangement of their chromatin pattern (m the 67th passage, 
most pronounced m Ammon’s horn) and slight diffuse infiltration 

Thus, concurrently with the loss of virulence by mtrapentoneal inoculation, 
the mtracerebral-passage virus had lost all, or nearly all, its capacity to produce 
lesions m the liver, and had acquired the ability to produce lesions in the bram 

Experiments on Immunization with the Neurotropic Virus 

The pathogenicity of the virus for abdommal visceral tissues had been so 
reduced by contmued bram-to-bram passage that mtrapentoneal introduction 
of the agent seldom resulted m death Consequently, it was decided to study 
its capacity to induce an effective immuni ty Two tests were made m mice 
and 4 m lambs 

Tests of immunizing potency in mice 

The first experiment m mice employed 4 groups of vaccinated animals and 

2 groups of non-vaccmated controls One group of mice received 2 mtraperitoneal 
immunizing injections of the neurotropic virus spaced by an interval of 1 week 
Three other groups of mice received smgle mtrapentoneal injections of the same 
virus The vaccmatmg dose was 0 06 ml of 1 per cent bram suspension The 
virus used on the first occasion was the unfiltered supemate of an 83rd intra- 
cerebral-passage mouse bram suspension That used on the second occasion 
was the Seitz filtrate of an 85th mtracerebral-passage mouse bram suspension 
Twelve mice out of the 401 m the 4 vaccinated groups died m the interval of 

3 weeks between the first injections and the challenge inoculations Two out 
of 201 imvaccmated controls died m the same period 

Three weeks after the first and 2 weeks after the last immunizing injections 
all the surviving vaccinated and control mice were inoculated mtrapcritoneallv 
"with pantropic virus The challenge moculum was a Seitz filtrate of a suspension 
of the livers of 2 sick mice of the 62nd mtrapentoneal liver-passage group In 
order to determine the average survival time, 22 to 2S mice of each vaccinated 
or control group were given mtrapentoneal injections of 0 06 nil of 1 in 100 out) 
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liver suspensions The remainder of the mice in each group were used for 
titration of the challenge virus, with 12 of each group receiving each virus dilution 
Results of the test are shown m Table III 


Table HE — Results of Challenge Inoculations with Pantropic Rift Valley Fever 
Virus m First Experiment on Immunization of Mice with the Neurotropic 
Virus 






Virus 

Fate of mice 

Titre 

Average 

Group 

Date bom 

Dftt'O 

Sex. 

dilution, 

1 

-A 

of virus, 

survival time 



\ accinated 


log 

Died 

* Lived 

1 in — 

(days) 

A 

1-3 July 

12 August 

F 

4 

0 

12 

< 10,000 

10 + 




F 

5 

0 

12 






F 

6 

0 

11 






F 

7 

0 

12 






F 

8 

1 

11 






3F , 9 M 

9 

0 

11 






M 

5 

0 

22 



B 

1-3 „ 

12 

F 

4 

0 

8 

< 10,000 

10 + 




F 

5 

0 

8 






F 

6 

0 

6 





19 

F 

7 

1 

7 






F 

8 

0 

12 x 






7F , 6M 

9 

0 

11 






M 

5 

0 

28 



C 

1-3 „ 

19 

F 

4 

0 

12 

< 10,000 

10 + 




F 

5 

0 

12 






F 

6 

0 

12 






F 

7 

0 

12 






11F , 1M 

8 

0 

12 






M 

9 

0 

12 






M 

5 

0 

23 



D 

9 „ 

19 

F 

4 

0 

12 

< 10,000 

10 + 




F 

5 

0 

12 






F 

6 

0 

12 






F 

7 

0 

12 






4F , 8M 

8 

0 

12 






M 

9 

0 

12 






M 

5 

0 

27 



E 

1-3 „ 

Controls, not 

F 

4 

12 

0 

66,000,000 

1 81 



vaccinated 

F 

5 

12 

0 






F 

6 

12 

0 






F 

7 

12 

0 






F 

8 

2 

10 


- 




6F , 6M 

9 

3 

9 






M 

5 

27 

0 



F 

9 „ 

Ditto 

F 

4 

12 

0 

32,400,000 

2 67 




F 

5 

12 

0 






F 

6 

11 

1 






F 

7 

10 

2 






11F , 1M 

8 

3 

9 






M 

9 

0 

12 






M 

5 

26 

2 




* Deaths in the first 24 hours are disregarded as being probably due to causes other than specific 
infection 


In this experiment the protection afforded mice by the immunizing injections 
of neurotropic virus was nearly absolute Considering the 2 control series of 
mice, E and E, as one group, the maximal test dose of virus was 4380 LD 60 
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The vaccinated mice of groups A, C and D resisted this and smaller doses 
completely The test dose of virus in the groups used for determination of the 
mean survival time was 438 LD 50 There were only 2 survivors out of the 55 
non-vaccinated mice of senes E and P used for this purpose The average 
survival time was 2 2 days By contrast, there were no deaths among the 
100 mice of the 4 vaccinated groups receiving the same inoculum 

There were 20 deaths among the 101 mice of senes B within the first 24 hours 
after challenge inoculation (these are not shown m Table III as they were not 
caused by the specific pathogemc action of the virus), whereas there were only 
2 deaths m the same penod among the remaining 369 mice which received the 
challenge inoculation The mice of senes B were the only ones which received 
more than 1 immunizing injection, and these early deaths following the challenge 
inoculation may have been due to allergic reactions An expenment was 
subsequently done to test this possibility , although the result gave indication 
that hypersensitiveness was involved, the pomt was not proved beyond doubt 

Having found that mice are protected against challenge inoculation with 
pantropic virus within 2 weeks after a single mtrapentoneal injection of the 
relatively innocuous (by this route) neurotropic virus, a second expenment 
was done to determine how early this protection is -manifest A large group of 
mice was inoculated mtrapentoneally, each with 604,000 intracerebral LD 60 
of a Seitz-filtered 1 per cent mouse brain suspension of the 83rd intracerebral 
passage Although the virus used to immunize in this experiment was of the 
same passage as that used m the first expenment m mice, it was of a different 
line, which was likewise denved from desiccated 7th passage virus, and likewise 
observed to have undergone a similar neurotropic modification with contmued 
intracerebral passage m senes 

The neurotropic virus used in this experiment was more lethal by mtra- 
pentoneal inoculation than that used m the first expenment Thirty-three 
of the 348 mice receiving it died as a result ; only 1 of 313 unvaccinated controls 
died during the same period In addition, there were, among the 6 senes 
compnsing 315 vaccmated mice, 14 scattered deaths following challenge inocula- 
tion v Some of these may have been caused by the neurotropic virus The 
mortality was thus about 3 times as high m this senes of vaccmated mice as 
in the first senes 

At intervals of 4, 7 and 10 days after the immunizing injections of neurotropic 
virus, pantropic virus was titrated m groups of 6 vaccmated and 6 control mice 
Fourteen days after the single immuniz ing injections, pantropic virus was titrated 
mtrapentoneally m groups of 12 vaccmated and 12 normal mice , neurotropic 
virus was also titrated intracerebrally in both vaccmated and normal mice 
At the same time, special groups were also inoculated wuth each virus to determine 
the average survival time 

The results of this expenment are shown m Table IV, which indicates that 
the mtrapentoneal inoculation of nnce with neurotropic virus protects these 
animals withm 4 days agamst inoculation with pantropic \irus The most 
concentrated dilution of virus moculated in the 4th -day test contained 31,700 
LD 50 of vims, yet there were no deaths among the vaccinated mice recenmg 
this dose of challenge inoculum Similar results were obtained m t lie 7th, 10th 
and 14th day post vaccination challenges with pantropic vims 

The fact of induced resistance is further emphasized bv the data on a\emge 
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Table IV — Condensed Protocol of Results of the Second Experiment on Immuni- 
zation of Mice with Neurotropic Rift Valley Fever Virus, followed by Challenge 
Inoculations with Pantropic and Neurovropic Virus 


Vaccinated 
or controls 

Vaccinated 

Controls 


So of 
mice per 
group 


Interval between 
vaccination and 
challenge 
(days) 



4 


} 


Challenge 

virus 


Pantropic 


Boufce of 
inoculation of 
challenge virus 


Intrapentoneal 


Titre challenge 
virus, 1 in — 


<10,000 

317,000,000 


Average 
survival time 
(days) * 


Vaccinated 'j 

Controls J 
Vaccinated 1 


Controls J 
Vaccinated ~1 

Controls J 



7 

10 

14 




»> 


f < 10,000 

t 142,000,000 

r < 10,000 

\ 1,000,000,000 

r < 10,000 10+ (17,800)f 

\ 178,000,000 1 06 (17,800) 


Vaccinated "1 
Controls J 


12 


14 


Neurotropic Intracerebral 


14,800 

1,000,000 


9 26 (100) 
3 61 (100) 


* Based on 29 to 33 mice per test 

f Figures in parentheses indicate LD 60 of virus inoculated for the test of average survival time 


survival time m vaccmated and control mice challenged with either pantropio 
or neurotropic virus, and by the results of titrations of neurotropic virus m 
vaccmated and control mice The latter result is especially significant m view 
of the fact that the intracerebral challenge with neurotropic virus is a very 
severe test 

Tests of immunizing potency m lambs 

Two lambs were used in the first experiment When these animals were 
obtained they were said to be about 5 months old They had been m our hands 
3 months when these experiments were done In view of the result m Lamb 5 , 
referied to later, it seems highly probable that this one, at least, was somewhat 
oldei than stated Lamb 4 was inoculated subcutaneously with 1 0 ml of 
unfilteied 1 per cent mouse brain suspension of the 83rd intracerebral passage 
of Rift Valley fever vims On the 21st day following the inoculation with neuro- 
tiopic vims, this animal and the un vaccmated control, Lamb 5, were each 
inoculated subcutaneously with 1 0 ml of 1 m 100,000 dilution of pantropic 
Rift Valley fever vims (61st mtrapentoneal liver passage m mice) The dose 
foi each lamb proved to be 7314 mtrapentoneal LD 60 

All the mice inoculated intracerebrally with serum taken from Lamb 4 during 
a period of 10 days after inoculation with the neurotropic vims survived 
Therefore there was no demonstrable circulating virus Lamb 4 had irregular 
temperatures prior to this inoculation, once as high as 105 6° F , and on several 
occasions up to 104 6° F On the mommg following the injection of the neuro- 
tropic vims its temperature was 104 6° F , and on the 7th day its afternoon 
temperature was 105 0° F On 6 other occasions during the 10-day period 
after inoculation with the neurotropic vims its temperature was between 104 0 
and 104 6° F. It is not clear whether this represented a febrile reaction or not. 
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but if so the reaction was not marked The animal contmued to eat normally 
and at no time appeared ill 

Table V shows the mortality ratios m mice used to test the sera of lambs 
4 and 5 for circulating pantropic virus on the 2nd to 10th days following the 
challenge inoculation 


Days 

Table V 

Lamb 4 

Lamb 5 

after challenge 

(vaccinated) 

(normal control) 

2 

0/6 

6/6 

3 

0/6 

6/6 

4 

0/6 

6/6 

6 

0/6 

0/6 

6 

0/6 

0/6 

7 

0/6 

0/6 

8 

0/6 

0/6 

9 

0/6 

0/6 

10 

0/6- 

0/6 


Numerator indicates number of mica which died , the denominator indicates the number 
inoculated 


No tests for circulating virus ;were made on the first day after inoculation 
with pantropic virus Lamb 5, the non-vaccmated control, showed circulating 
virus from the 2nd to 4th day, but none thereafter All tests on the vaccinated 
lamb were negative 

Lamb 4, the vaccinated animal, had temperatures of 105 0 ° and 105 6 ° F 
on the afternoons of the 1st and 4th days respectively after inoculation with 
pantropic virus, but its temperature was within normal limits at other times 
during the 10-day observation period It is possible that this represents a mild 
saddleback elevation However, the temperatures in this animal were so variable 
that it is not certain that it had a febrile response Lamb 5, on the other hand, 
had a fairly stable premoculation temperature record, with a maximum normal 
of 104 2° F Forty-eight hours after inoculation with pantropic Rift Vallejo 
fever virus its temperature rose sharply to 106 2° F Its temperature was normal 
the next morning, and remamed so It is noteworthy that, although the animal 
was afebrile on the 3rd and 4th daj r s after inoculation, it had circulating pantropic 
virus on both those days 

Results of the protection tests on Lambs 4 and 5, shown m Table VI, demon- 
strate that Lamb 4 developed protective humoral antibody following inoculation 
with the neurotropic virus, and that it had a further rise m antibody follow mg 
inoculation with the pantropic virus Whether the antibody response to the 
neuro tropic virus was submaximal, or whether the interval between the 2 
inoculations did not permit a complete response to the neurotropic before inocu- 
lation of the pantropic virus, cannot be determined from this result In other 
experiments, however, we have found evidence to indicate that the neurotropie 
virus is a less efficient antigen than the pantropic Ne\ ertheles*?, that it doe 1 - 
mduce antibodv formation is shown by the results m Table \ I 

An interesting incidental observation was made during thi^ experiment 
Unknown to us, Lamb 5 was pregnant at the time of the experiment On the 
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Table VI — Results of Intraperitoneal Rift VaUey Fever Protection Tests on Sera 
of a Vaccinated Lamb at Various Intervals after Inoculation with Neurotropic 
Virus, and on Sera of This and the Control Lamb after Challenge Inoculation 
with Pantropic Virus 


Serum 


Days after 
vaccination 


Days after 
challenge 
Inoculation 


Test virus 
dilution, log 


Fate of mice 

A 

Died lived 


Titre of virus, 
1 In — 


Lamb 4, premoculation. 0 


August 22 

10 

September 2 

21 

„ 11 

30 

„ 19 

38 


Lamb 5, premoculation 


9 

17 


September 10 




19 


Lamb 3, immune control 


8 

17 


5 

6 

7 

8 
9 
6 
6 
7 

5 

6 
7 

5 

6 

5 

6 
6 
6 

7 

8 
9 
6 
6 

5 

6 
2 
3 


6 0 

5 1 

4 2 

2 4 

1 5 

6 0 

5 1 

0 * 6 

6 0 

3 3 

0 6 

2 4 

0 0 

2 4 

0 6 

6 0 

6 0 

4 2 

1 5 

0 6 

6 0 

0 0 

0 0 

0 0 

1 5 

0 6 


31,700,000 


2,520,000 

1,000,000 

< 100,000 
< 100,000 
23,000,000 


317,000 
< 100,000 
< 100 


* Additional testa with higher dilutions beyond the end-pomta with this and other sera are 
omitted 


7tlx day after inoculation she aborted a nearly full-term foetus This animal 
ttas said to be about 5 months old when it was received It had been m our 
possession 3 months when this experiment was done Little is known about 
the age of maturity of native or European-native hybrid sheep, but in view of 
its piegnancy it seems probable that Lamb 5 was older than we were led to 
belief e Serum and a suspension of liver from the foetus were moculated into 
mice Virus was recovered from both, and m each instance was identified by 
a piotection test as Rift Valley fever virus The most interesting pomt m this 
connection is that the virus which traversed the placenta was present in both 
the blood and the liver of the foetus 72 hours following the last positive test 
on the serum of the mother 

In the second experiment one weaned (No 14) and 2 unweaned (No 13 
and lo) lambs were used as controls Another weaned (No 16) and 2 unweaned 
(No 11 and 12) lambs were inoculated subcutaneously with 83,916,000 mouse- 
mtrncerebral LD 50 of S3rd intracerebral -passage virus All the tests for cir- 
culating \irus were negative, showing that there was no demonstrable neuro- 
tropic virus m the blood of either of the lambs during the 14 days following 
inoculation Lamb 11 had no temperature reaction whatever to the inoculation 
of ncurotropic virus Lamb 12 had a temperature of 104 3° P 30 hours after 
vaccination and normal temperatures at other times Normal maximum for 
this lamb nas 103 4° F Weaned Lamb No 16 had temperatures of 104 3° F 
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in the first 3 days after the inoculation, and normal temperatures thereafter 
These reactions probably represent mild febrile responses in Lambs 12 and 16 
Three weeks after the immunizing injections these animals, together with their 
non-vaccinated controls, were inoculated subcutaneously, each with 2,922,500 
mouse-mtrapentoneal LD S0 of pan tropic virus The non-vaccmated lambs 
showed virus in their sera for 2, 3 and 4 days, but not thereafter, while the 
vaccinated lambs gave consistently negative results, as may be seen from Table 
VII 


Table VII 

Day after 

— Mortality Ratios in Mice Inoculated 

Vaccinated lambs. No 

with Sera of Lambs 
Normal lambs. No 

inoculation 

11 

12 

16 

13 

14 

is' 

1 

0/6 

0/6 

0/6 

6/6 

6/6 

6/6 

2 

0/6 

0/6 

0/6 

6/6 

5/6 

6/6 

3 

0/6 

0/6 

0/6 

6/6 

0/6 

5/6 

4 

0/6 

0/6 

0/6 

6/6 

0/6 

0/6 

5 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

6 to 10 


All 

tests negative for virus 




Two of the vaccmated lambs (No 11 and 12) had no febrile reactions following 
inoculation with the pantropic virus Lamb 16 had a temperature of 104 4° F 
on the 7th day following inoculation, but had normal temperatures at other times 
Each of the 3 non-vaccmated lambs had a sharp temperature reaction of 1 to 
4 days’ duration The peaks, 106 2° to 107 6° F , m each instance occurred on 
the second post-inoculation day 

All the control lambs in this experiment survived The demonstration of 
the immunizing action of the neurotropic virus therefore depended on the 
temperature reactions, the tests for circulating virus, and the protection tests 
■with serum specimens taken prior to the challenge mo culation with pantropic 
virus 

In Table VIII, showing results of the protection tests, it is obvious that 
Lambs 11, 12 and 16 had specific antibody responses to the inoculation of neuro- 
tropic virus Lambs 11 and 16 exhibited further rises m antibody titre followmg 
challenge inoculation with the pantropic virus Each of the control lambs 
likewise had protective antibody m its serum 14 days after injection of the 
pantropic virus 

Up to this point the experiment was wholly successful, and gave complete 
confirmation of the first experiment It shows that the neurotropic virus is 
efficacious as a vaccme, and that it is not followed by severe reactions, nor by the 
appearance of a demonstrable quantity of the neurotropic virus in the circulation 
However, the fact that the 3 vaccinated lambs died from undiscovered cause 
on the Sth, 2oth and 33rd days after challenge inoculation with pantropic virus 
marred the experunent Prior to death each animal became very weak, had 
subnormal temperature and passed large bulky stools There was no parahsis, 
and the annuals were able and willing to eat when food was placed before them 
Submo culation of blood and suspensions of their brains to mice Melded nothing 
Gross autopsies and microscopic examinations failed to show a cause of death 
The only lesions of consequence were moderate degeneratne change^ m the 
renal tubules, the presence of albuminous deposits in their lumina and into -tin >1 
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Table VIII — Results of Intrap entoneal Rift Valley Fever Protection Tests 
Shearing Development of Protective Antibody m Lambs of the Second Experiment 


Serum, taken 


Lamb No 

Date 

A 

Days after 

Days after 

litre of lints, 

1 in — 


neurotropic 

pantropic 


6 normal control 

2 Sept , 1946 



100,000,000 

11 

13 Nov , preinoculation 



26,200,000* 

11 

6 Dec 

21 


560,000 

11 

20 „ 

36 

14 

< lOO.OOOf 

12 

13 Nov , preinoculation 



31,700,000* 

12 

6 Dec 

21 


< 100,000f 

12 

13 „ 

28 

7 

252,000 

16 

13 Nov , preinoculation 


/ 

31,700,000* 

16 

6 Dec 

21 


2,520,000 

16 

20 „ 

36 

14 

< 100,000t 

13 

6 „ preinoculation 



31,700,000* 

13 

20 „ 


14 

< 100,000f 

14 

6 ,, preinoculation 


14 

6,900,000* 

14 

20 „ 


100,006 

16 i 

6 „ preinoculation 



31,700,000* 

16 

20 „ 


14 

< 100,000f 

3 immune control 

1 July, 1946 



100 

* 1 in 10,0(5o,000 virus was the weakest dilution inoculated and complete end pomts were not 

obtamed 





t 1 m 100,000 

virus was the strongest dilution 

inoculated 

and serum was 

protectn e against 


tins 


■worms m 2 of the animals During the experiment all the lambs were kept in 
an msect-proof room with cement floor and were fed solely on grass It is possible 
that the 3 lambs succumbed from inanition, as the vaccinated animals were bled 
daily for 2 weeks longer than the controls The cause of death was not discovered 
There was no evidence that either the neurotropic or the pantropic virus was 
responsible for the fatal issue In fact, each of the animals had protective 
antibody in its serum prior to inoculation with the pantropic virus, and exhibited 
little or no reaction to that agent 

Two sets of twin lambs were available for two further experiments on 
immunization However, the first test could not be completed, because the 
control lamb died from undiscovered cause prior to challenge inoculation 

The twin Lambs 19 and 20 were bom March 30, 1947, to a non-immune 
ewe Five days later both were bled for protection tests, and Lamb 19 was 
inoculated subcutaneously with 67,200,000 mouse-intracerebral LD 60 of 98th- 
passage neurotropic Rift Valley fever virus The lamb was bled daily for 10 
da\s fiom the jugular vein, and its whole blood was inoculated intracerebrally 
mto mice to test for circulating virus All the inoculated mice remained well, 
so no evidence was obtained that the virus entered the blood The lamb had 
no temperature reaction to the inoculation and exhibited no objective signs 
A protection test made on serum taken from this animal 21 days after inoculation 
of the neurotropic virus showed that it had developed protective antibody as a 
result of the procedure Its Win, intended for use as control for the challenge 
inoculation, bating died, the test inoculation of Lamb 19 was not done Never- 
theless, the experiment showed that new-born lambs may be safely inoculated 
with the neurotropic virus, and that they develop neutralizing antibody as a result 

Lambs 21 and 22 were also twins bom to a non- immune ewe When they 
uere 4 days old both were bled for protection tests, and No 21, a male, was 
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inoculated subcutaneously with 1,781,000 mouse-mtracerebral LD 60 of 100th- 
passage neuiotropic virus Lamb 22, a female, was reserved as the control for 
the challenge inoculation 

The? tests for circulating virus m Lamb 21 m the 10 days following inoculation 
with neurotropic virus were negative for that virus However, another agent 
pathogenic for mice but not neutralized by potent Rift Valley fever immune 
serum was present m the blood of the lamb for the first 4 days This agent 
caused death in mice m 5 to 7 days , it was not identified Lamb 21 had no 
elevation of temperature during the 3 weeks following the inoculation of neuro- 
tropic Rift Valley fever virus Neither the latter nor the unidentified agent 
m its circulation which was pathogenic for mice sufficed to induce a febrile 
reaction Serum taken flora Lamb 21 on the 18th day after the i mmuni zing 
injection contained abundant neutrahzmg antibody against pantropic Rift 
Valley fever virus 

On the 39th day after the inoculation of Lamb 21 with the neurotropic virus, 
Lambs 21 and 22 each leceived subcutaneously a challenge inoculation of 158,500 
mouse-intrapentoneal LD 60 of pantropic Rift Valley fever virus The vaccinated 
lamb had no temperature exceeding 104 0° F following the challenge inoculation, 
and daily tests for circulating virus were negative The non-vaccmated twin 
control, Lamb 22, had a sharp rise m temperature to 105 0° F 48 hours after 
inoculation, but its temperature was normal the following day, and remained 
so The tests in mice for circulating virus m Lamb 22 showed that Rift Valley 
fever virus was present in the blood during the first 72 hours after the test inocu- 
lation Thirteen days after the inoculation with pantropic virus the sera of 
Lambs 21 and 22 both gave complete neutralization m tests against 560,000 
LD 50 of pantropic virus 

Inherited. Immunity Against Rift Valley Fever 

Daubney and Hudson (1931) pointed out that very young lambs are much 
more susceptible to Rift Valley fever than older ones In order to protect lambs 
by active immunization through then period of maximal susceptibility, it would 
be necessary to inoculate them very soon after birth This might not only be 
impractical, but might also be associated with some hazard Another approach 
to the problem would be „to immunize the ewes, provided they passed on the 
immunity to their offspring, and provided the inherited immunity were suffi- 
* ciently enduring to be of practical importance 

During the course of our investigations an opportunity was afforded to study 
the duration of the humoral immunity inherited by lambs bom to an immune 
ewe On December 31, 1946, Rift Valley fever immune Ewe No 1 dehvered 
twin male lambs which were given numbers 17 and 18 Fifteen days after they 
were bom the sera of these lambs were both found to be protective against 
pantropic Rift Valley fever virus When they were 1 month old Lamb 17 was 
taken from the ewe and fed thereafter on cows’ milk and grass Lamb 18 
remained with the mother , it fed on grass and continued to suckle Each animal 
was bled once a week from the time they were 38 days old until they were 171 
days old, and protection tests were done on their sera 

The data on these tests were very voluminous, and only a selected few are 
presented m Table IX In the earliest tests made, the sera of Lambs 17 and 
18 contained sufficient antibody to protect against 1000 or more mouse-mtra- 
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peritoneal LD 60 of pantropic Bift Valley fever virus By the time they were 
11 weeks old the antibody titre in both animals had declined to the point where 
quantitative tests employing several dilutions of virus had to be made m order 
to determine whether antibody was present However, antibody sufficient to 
neutralize 10 LD 50 of virus was still present in the serum of the unweaned lamb 


Table IX — Selected Results from Serial Weekly Protection Tests on Lambs Born 

to an Immune Ewe 


Scrum of Lamb No ( 

Age 

Weaned 

Virus dilution, 

Sate of mice 

. . Jk 

Average 
survival time 
(days) 

Titre of virus, 

daj s) 

(weeks) 

log 

Died 

Lived 

1 in — 

Normal control 1 

I 


r s 

6 

0 

1 3 


17 

1 45 \ 

9 J 

5 

1 

5 

9 2 


18 

f 45/ 

1 

[ 6 

0 

G 

10 0 


Immune control J 

1 


L 5 

0 

6 

10 0 


Normal control 



4 

6 

0 

1 3 

30,200,000 




5 

6 

0 

1 2 





0 

6 

0 

2 0 





7 

4 

1 

4 0 





8 

1 

6 

8 7 





9 

0 

6 

10 0 


17 

129 

14 

4 

6 

0 

2 0 

3,170,000 




5 

6 

0 

2 0 





0 

6 

1 

5 0 





7 

1 

5 

8 8 





8 

0 

G 

10 0 


18 

129 


4 

5 

1 

3 2 

317,000 




5 

5 

1 

3 5 





6 

1 

5 

8 7 





7 

1 

5 

8 7 





8 

0 

6 

10 0 


Immuno control 



1 

0 

6 

10 0 

< io 




2 

0 

G 

10 0 





3 

0 

6 

10 0 





4 

0 

6 

10 0 


Normal control 



5 

6 

0 

1 7 

56,0 00,000 




0 

G 

0 

1 7 

/ 




7 

6 

0 

2 0 





8 

2 

4 

7 3 





9 

0 

6 

10 0 


17 

150 

17 

5 

G 

0 

2 0 

3,170,000 




6 

4 

2 

5 8 





7 

2 

4 

7 5 





8 

0 

6 

10 0 


IS 

150 


5 

5 

1 

3 2 

10,000,000 




6 

5 

1 

3 2 





7 

4 

2 

5 7 





8 

0 

6 

10 0 


17 

157 

18 

5 

G 

0 

2 0 

10,000,000 




0 

6 

0 

2 8 





7 

3 

3 

7 2 





S 

0 

6 

10 0 


IS 

157 


5 

G 

0 

1 7 

20,600,000 




6 

G 

0 

2 0 





7 

3 

3 

6 2 





8 

2 

4 

7 7 


Immune control 



1 

0 

6 

10 0 

< 10 




2 

0 

G 

10 0 





3 

0 

G 

10 0 





4 

0 

G 

10 0 


Honzontnl rulings demarcate different tests 

with separate controls 
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143 days after its birth, and m the weaned lamb this amount of antibody was 
demonstrable on the 150 th day 

In the earliest studies made in this experiment there was evidence that the 
inherited immunity in Lambs 17 and 18 was less effective than in ovmes con- 
valescent from experimental infection, m that the neutralizing power of the 
sera of the former was less Nevertheless, the presence of antibody was found 
to be demonstrable in 2 ways by the capacity of the serum to prevent the lethal 
effects of the virus, and by the effect of the serum m prolonging the survival 
time m mice In fact, the average survival tune proved to be an efficient indi- 
cator of the presence of antibody when the quantity of protective substance 
was inadequate to prevent death m a significant number of mice For example, 
in the 6th week after weaning, the serum of Lamb 17 protected only 1 of 6 mice 
from the lethal action of the virus, yet the average survival time of the group 
was 4 times that of controls receiving the same amount of virus mixed with 
non-immune serum Conversely, a progressively dimmishing average survival 
tune was an effective indicator of the decline of immunity The average survival 
time of mice receiving 1 in 100,000 suspension of infective liver tissue mixed 
with serum taken from Lamb 18 in the 7th, 10th, 13th, 16th, 19th and 22nd 
weeks of life was, respectively, 10 0, 43, 38, 33, 18 and 1 7 days 

From the foregoing experiment it was evident that the inherited humoral 
immunity was lost very gradual^, and that weamng had no effect on the rate 
of disappearance of the antibody from the serum 

DISCUSSION 

The spontaneous adaptation of Rift Valley fever virus to the nervous system 
upon serial intracerebral passage m mice, with concomitant diminution in its 
hepatotropic affinities, seems to indicate the presence of thinly-veiled neuro- 
tropic affinities in the native, unmodified virus These neurotropic affinities 
gam ascendency under circumstances which are favourable for then prompt 
action and which, at the same time, are not notably unfavourable for the 
hepatotropic affinities Whether the reversion of the neuro tropic Rift Valley 
fever virus to the hepatotropic form can be brought about is not evident from 
these experiments, but as the adaptation to neural tissues is gradual and pro- 
gressive, one might assume that reversion could take place up to a pomt, after 
which it would be progressively less likely Studies made by S F Kitchen 
indicate this to be the case 

The neurotropic virus m our hands has never become completely innocuous 
for mice when introduced extraneurally, nor has it been determined whether the 
relatively small percentage of mice which succumb to extraneural inoculation 
do so from the effects of the virus on the fiver or on the nervous system Never- 
theless, the neurotropic adaptation of the agent results in a profound modification 
of its affinities for the tissues of lambs, in that the pantropic virus invariably 
enters the blood, whereas the neurotropic, in our experience, does not The 
evidence available furthermore indicates that adaptation of the virus to nervous 
tissues is associated with a decline m antigenic potency, as the pantropic virus 
seems to mduce a higher titre of antibodies Nevertheless, sufficient antigenic 
potency is retamed by the modified virus to stimulate the formation of antibody, 
which not only neutralizes the pantropic virus in vitro, but also vitiates its effects 
m vivo 
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Adequately comprehensive investigation of the value of neurotropic Rift 
Valley fever virus as a practical immunizing agent is beyond the scope of this 
laboratory at present However, the results obtained to date give a hopeful 
outlook, and point to the desirability of further laboratory and field investigations 
The fact that the age of maximum susceptibility to Rift Valley fever in sheep 
falls m the earliest days of life (Daubney and Hudson, 1931) poses an admini- 
strative problem in the application of any preventive agent, and perhaps raisea 
additional hazard on account of the tender age of the subjects The observation 
that immunity to the disease m the ewe is transmitted to her offspring and 
persists for some weeks in the latter offers a hopeful lead It is suggested that 
the inoculation of ewes with the neurotropic virus at, or before, the tune of the 
mating season would induce immunity, which would be transmitted to the off- 
spring, and might suffice to tide the latter over the age of maximum susceptibility 
Furthermore, the ewes, being i mm une, would not be subject to the hazard of 
abortion which is associated with natural infection with Rift Valley fever 

SUMMABY 

Seveial strains of Rift Valley fever virus which were passed m mice by serial 
intracerebral inoculation acquired enhanced neurotropism with concomitant 
1 eduction of hepato tropic affinities 

N euro tropic adaptation of the virus could be brought about undei controlled 
conditions by serial brain passage in mice Parallel serial liver passage resulted 
in retention of the hepatotropic properties and no enhancement of neurotropism 

The mtrapentoneal inoculation of neurotropic Rift Valley fever virus into 
mice icsulted in enhanced resistance to intracerebral inoculation of neurotropic 
i irus and m complete immunity to pantropic virus 

The subcutaneous inoculation of neurotropic Rift Valley fever virus into 
newborn lambs oi older sheep resulted m the formation of specific antibody 
demonstrable by protection tests on their sera, and of i mmuni ty to the effects 
of inoculation with the pantropic virus The neurotropic virus was not 
demonstiable in the cnculatmg blood of lambs or sheep and caused no objective 
leactions of consequence 

Humoral immunity inherited by twin lambs from their immune mother was 
demonstrable foi about 5 months Weaning of one of the twin lambs did not 
appieciablv affect the rate of disappearance of the inherited immunity 

Immunization against Rift Valley fever is discussed, and a suggestion is made 
foi the practical application of a vaccme 

This Institute is financed by means of grants made by The Rockefeller 
Foundation and by the Secretary of State for the Golomes under the Colonial 
De\ elopment and Welfare Acts, and by contributions from the Governments of 
Uganda Kent a, Tanganyika, Northern Rhodesia, Nyasaland and Zanzibar 
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Since the discovery of the goitrogenic action of thiourea, thiouracil and 
their derivatives (Richter and Chsby, 1942 , Kennedy, 1942 , MacKenzie and 
MacKenzie, 1943 , Astwood, Sullivan, Bissel and Tyslowitz, 1943), a vast 
literature has arisen describing the effects of such compounds on the thyroid, 
pituitary and other organs of the rat As far as we are aware, no report has 
been published describing changes m the parathyroids after the administration 
of these drugs It seems reasonable that such changes have been seen by other 
workers We ourselves have been familiar with their occurrence since our 
earher studies on the goitrogenic action of brassica seeds (Griesbach, 1941), but 
only recently have long-term experiments provided us with material permitting 
an appreciation of the changes induced by goitrogenic agents m the parathyroids 
The purpose of this preliminary co mmuni cation is to describe these changes, 
and the simultaneous occurrence of osteitis fibrosa m rats treated with thiourea, 
thiouracil or methyltlnouracil for long periods 

MATERIAL AND METHODS 

The rats used belonged to two colonies of albmo rats, substrains of Wistar 
rats, imported into this country 10 years ago No foreign stock had been added 
to these colonies Animals of both sexes, 6-8 weeks of age, were chosen They 
received, m their drinking water, either thiourea 0 25 per cent, or thiouracil 
0 05 per cent, or methylthiouracil 0 05-0 025 per cent The diet given consisted 
of bran 30 per cent, pollard 25 per cent, bone meal 15 per cent, pea meal 15 per 
cent, maize meal 15 per cent Use was made also of material obtamed m 
Sheffield from rats which had received 8 mg of allylthiourea daily These rats 
belonged either to another substrain of Wistar rats, or were piebald rats fed on 
a diet consisting of 3 parts skimmed milk powder and 7 parts dried bread, to 
which cod liver oil and cabbage were added once weekly Thyroid digest was 
prepared by T H Kennedy by peptic digestion of G P thyroid tablets The 
daily dose given by stomach-tube or by injection corresponded to 5 gg d-1- 
thyroxme After killin g the animals the parathyroids were left m their con- 
nection with the thyroid gland and fixed m 10 per cent formol sahne or acid 
Zenker’s solution After fixation in formol sahne the bones were decalcified 
with 5 per cent trichloracetic acid m Susa’s fixative and embedded m paraffin 
The sections were stained with haematoxyhn and eosrn, van Gieson or Weigert s 
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stam The pituitanes were fixed in sublimate-formalin, sectioned at 2 5g, and 
stained according to Martms’ modification of the Mallory method (1933) 

RESULTS 

Parathyroids 

The parathyroids of animals treated for a long period with antithyroid drugs 
are frequently so large that their mcreased size is already apparent at naked- 
eye inspection Their colour is a slimy white, with an occasional slightly yellow 
tmge On some occasions the parathyroid is quite prominent, sticking out 
above the surface of the thyroid The histological study reveals further changes 
Normally, at low magnification, the parathyroid appears m haematoxyhn and 
eosm preparations as a dark blue circular or oval area which is sharply defined 
(Fig 1) In our control rats the outer border of the parathyroid reaches the 
capsule of the thyroid and does not bulge out mto the surrounding tissue Only 
a thm capsule separates the parathyroid from the thyroid There is little 
connective tissue inside the gland, and large blood vessels are rarely found besides 
the mam artery A small cell with a nucleus of elongated shape, rich m chromatin, 
predominates The cytoplasm is scanty and basophilic (Fig 2) The cell 
borders are not clearly defined in haematoxyhn and eosm preparations Dispersed 
among these elements are a few cells which have a larger pale cytoplasm and a 
round nucleus In our controls dark oxyphilic and so-called water clear cells 
were not found The hyperplastic glands show a different picture Such 
glands bulge frequently mto the loose areolar connective tissue surrounding 
thyroid and parathyroid (Fig 3) Sometimes lobe-hke projections are seen 
to extend mto the neighbourhood, and the thyroid tissue surrounding the para- 
thyroid may show compression This is best seen m the animals with mactive 
thyroids Here obviously the parathyroids have grown at a much higher rate 
than the thjnoids, the growth of which had been arrested by contmued adminis- 
tration of thyroxine in form of a thyroid digest Fig 5 illustrates this pheno- 
menon, showing an mactive thyroid winch surrounds like a crescent the large 
parathyroid, the size of which is about equal to that of the thyroid This picture 
also indicates the mode of enlargement of the parathyroid by apposition of 
lobules and bj T expansion The capsule of the gland is thickened, and septa 
divide the parathjToid mto several lobes Blood vessels follow these septa, 


EXPLANATION OF PLATES 

Fa 1 — Normal thyroid and parathjToid Note ratio of parathyroid to thyroid size ( X 23 ) 
lir •! — Normal parathyroid from Fig 1 ( x 100 ) 

l'io 3 — Hyperplastic parathyroid and hyperplastic thyroid containing adenomata ( X 23 ) 
lie 4 — -Detail from Fig 3 showing pale oxyphil cells, alveolar arrangement 2 mitoses 
( x 400 ) 

Fir "> — Hyperplastic parathyroid m maetnated thyroid Note ratio of parathyroid to 
tin roid size ( > 23 ) 

Fit 0 — Cluster of dark oxyphil cells m hyperplastic parathyroid ( X 450 ) 

Fir 7 — Transverse section of diaphj sis of tibia, showing replacement of compact leg 
spongious bone Same rat as in Fig 3 and 4 ( X 15 ) 

Fio S — Detail of n longitudinal section of tibia Cellular fibrous marrow, replacmg compact 
bone Note osteoclast near trabecula x(100) 

Fig 9 — Fibrous marrow containing spindle cells (x 1 00) 

Fig 10 — Osteitis fibrosa Note numerous osteoclasts (X 100) 

Fig 11 — Osteoblasts lining trabecula ( X 450 ) 

Fig 12 — Osteitis fibrosa with large haemorrhagic areas ( X 100) 
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and frequently a general bypciaenna exists In normal rats of oui strain the 
longest diameter of the paiathyioid m serial sections reaches 0 5-0 7 mm In 
the hyperplastic glands diameteis up to 2 2 mm have been found More fre- 
quently were measurements of 1 2-1 0 mm 

At low magnification the stauung qualities of the enlarged parathyroids 
are generally lighter, and resemble moie the colour of the surrounding hyper- 
plastic thyroid At first glance it is obvious that the cytoplasm of the pre- 
dominating cell type is oxyphilic and the nuclei appear paler At higher 
magnification one sees that the amount of cytoplasm is increased, staining a 
pinkish led, and that the cell bordeis are sharply defined These cells are the 
well-known pale oxyphilic cells (Fig 4) Their nuclei are round or oval with 
finely dispersed clnomatin, which is displaced towards the quite conspicuous cell 
membrane Frequently these cells form alveoli, which are surrounded by 
delicate strands of connective tissue Such alveoli may show m the centre rests 
of pink or purplish colloid-like substance Exceptionally large accumulations 
of this colloid weie found Clusters of dark oxyphilic cells with coarsely 
granulated cytoplasm appear m some of the largest glands (Fig 6) Mitoses 
are frequent, especially in the penphery Here three or more dividing cells can 
be seen m one field It seems worth mentioning that m short-term experiments 
only one of the features described above was present i egularly , besides a moderate 
general increase of the glands m size, there appeared to be an activation of the 
parathyroid cells They were enlarged, and the nuclei were round and lighter 
m colour, due to the dispersal of chromatin described above An occasional 
mitosis was found In contrast to the experiments carried on for twelve months 
and more, this early hyperplasia did not occur when thyroid solution was given 
simultaneously with the goitrogen for 4 or 8 weeks and, consequently, the animals’ 
thyroids were inactive It seems logical to assume that the early parathyroid 
hyperplasia is due to the unspecific action of regional hyperaemia mduced by 
the effect of the goitrogen 

Bones 

Once the fact of parathyroid hyperplasia mduced by goitrogens was 
established, a systematic search for changes m the bones was made Among 
the many animals studied, only a few were found showing a generalized disease 
of the skeleton (Table I) All of these belong to the groups of rats which had 
received the goitrogen for considerable periods , bone changes have never been 
found in short-term experiments, i e 8-16 weeks Fig 7-12 illustrate the 
essential features of the pathological process A transverse section of the tibia 
(Fig 7 ) shows the normal fatty marrow with foci of haematopoiesis The compact 
bone of the corticalis is replaced by spongy bone Trabeculae of various size 
and appearance he m a fibrous marrow which is sharply defined towards the 
fatty marrow The connective tissue forms fibrous strands, which are fanly 
cellular m some areas (Fig 8), but show only a few spindle cells m others (Fig 9) 
Weigert-van Gieson sta inin g reveals the presence of deb cate collagenous fibres 
Adjacent to the trabeculae the number of cells present m the fibrous marrow, 
increases, and two types of large cellular elements can be found Many b pica 
multmuclear osteoclasts are seen, frequently situated m Howard s acunae 
(Fig 10) Further, large osteoblasts surround other trabeculae (Fig )> 
especially those which have a small nm of osteoid tissue Engorged iloo ^ esse s 
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Table I 





Rats with 

Sex of rats 

Duration of 

Treatment 

No of rats 

osteitis 

with osteitis 

experiment 



fibrosa 

fibrosa 

(weeks) 

Thiourea 

14 

» 



0 25% 


1 

M 

71 


1 

M 

107 

diethyl -thiouracil 

16 


« 

65 

0 01% 


1 

M 

0 025% 


1 

F 

71 

0 05% 


1 

M 

108 


1 

M 

122 

Methyl-t hi ouracil 

3 

• * • 

• • 

, . 

0 01% + 5 nncrograms 


2 

M 

56 

d-1 -thyroxine daily (for 


1 

M 

68 


52 weeks) 


are frequently seen, blood extravasation 01 signs of old haemorrhages only 
rarely (Fig 12) In the trabeculae fibrous bone instead of lamellar bone is 
prevalent Haversian systems are rare The severity of the lesions vanes 
gieatly m different parts of the same bone Sometimes one side of the diaphysis 
shows a normal corticahs, while only a nm of bone is left on the other side In 
the most advanced cases the tibia had become so soft that it could be cut without 
previous decalcification In the epiphysis essentially the same changes were 
found Nearly all the fatty marrow had been replaced by fibrous tissue, and 
similar cell changes were present as in the diaphysis As could be expected 
in these animals in which growth had stopped, the epiphyseal cartilage formed 
onlv a narrow zone But when the epiphyses of normal rats of corresponding 
age v ere studied, it became apparent that the chondromedullary line (Gilmour, 
1947) in rats with osteitis fibrosa showed obvious pathological changes Whereas 
in the conti ols small columns of cartilage cells of fairly even size weie present 
m the experimental ammals, the fibrous marrow mvaded the eliondromedullary 
line The cartilage cells nearest to the fibrous tissue were swollen, and seemed to 
undergo degenerative changes At some pomts the activated fibrous tissue 
appeared to break through the zone of cartilage 

The whole process is one of greatly increased resorption of bone which, as 
the study of less advanced lesions proves, starts in the Haversian canals New 
bone is formed at the same time, but active apposition is exceeded by destruction 
There is no sign of inhibition of calcification Osteoid may be seen occasionally 
foimmg narrou seams round the calcified core of the trabeculae However, 
there is no indication of disturbed intracartilaginous ossification as m rickets 


Pitmtary 

The pituitary gland, after long-term treatment with tlnouracil or methjd- 
thiouracil (0 025 and 0 05 per cent), presents umformly the picture of degranula- 
tion of the cliromophilic cell types Therefore, only chromophobe elements 
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are present containing remnants of the "basophil colloidal substance situated m 
intercellular spaces Chromophobe cells, characterized as degranulated basophils 
by the typical situation of the negative image of the small Golgi body, are present 
in moderate numbers But “ thyroidectomy cells,” abundant in the early stages 
of goitrogen action, are absent The chromophobe cells generally do not 
contain enlarged Golgi bodies as after prolonged oestrogen treatment, and there 
is no evidence of actively secretmg cells Neither thiourea (0 25 per cent) nor 
methyltlnouracil in weaker concentration (0 01 per cent) leads to complete 
degranulation of the acidophil cells The pituitanes of the two animals which 
had received a maintenance dose of thyroxine together with the goitrogen for 
12 months showed a cell distribution m the anterior lobe which corresponded 
to the normal picture The only deviation worth mentiomng was the more 
alveolar arrangement of the glandular cells round the blood capillaries, into which 
some basophils could be seen to secrete their contents The pars intermedia 
m most of the old experimental animals was definitely enlarged There was a 
higher number of cell rows made up by enlarged cells having round, well-staining 
nuclei Numerous basophilic elements were distributed amongst the ordinary 
intermedia cells An unusual number of cysts were visible, surrounded by the 
intermedia cells These cysts appeared to be free of any staining material 

DISCUSSION 

Thyroid hyperplasia as produced by thiourea and related compounds is 
always accompanied by enlargement of the parathyroids This could be 
observed as early as 3 weeks after the beginning of drug treatment It seemed 
obvious that this effect was due to an increased blood supply to both the thyroid 
and the parathyroid In fact, by simultaneous administration of the goitrogen 
and thyroxine, it could be shown that the hyperplasia of both organs could be 
suppressed m short-term (8 weeks) experiments However, when goitrogen 
and thyroxine were given together for 12 months or more, a quite different picture 
resulted Whereas the thyroids had retained their normal size and activity, 
the parathyroids increased in size proportionally to the time of treatment, reaching 
m some cases the size of the thyroid Therefore the regional hyperaemia cannot 
be an essential factor in the genesis of parathyroid hyperplasia observed m 
the long-term experiments 

The study of numerous animals has convinced us that hyperplasia of the 
parathyroid preceded by many months the appearance of bone lesions These 
bone lesions are characterized by bone destruction, and also by a kmited apposition 
of new bone The syndrome observed corresponds closely to the picture of 
osteitis fibrosa generaksata, or Recklinghausen’s disease of human pathology 
This similanty is underlined by the importance of a time factor in both conditions 
Only recently Alexander, Pemberton, Kepler and Broders (1944) have pointed 
out that not so much seventy as the duration of hyperparathyroidism is 
responsible for the disease m humans 

Our findings are highly suggestive for the assumption that the syndrome 
described is due to hyperparathyroidism, but we are not yet in a position to 
explain its ultimate cause Possibty biochemical studies, nov m progress, might 
shed further light on this problem At the moment we can only state that the 
mode of action of the goitrogens on the thyroid must be altogether different from 
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tlie one on the parathyroid , thyroid function is regularly affected after a few 
days, while hyperparathyroidism develops only slowly, and m a small percentage 
of our animals The literature on experimental hyperparathyroidism deals 
mostly with the effect of massive doses of parathormone given for short periods 
The changes in the bones m such experiments are similar to the ones described 
m this paper However, the importance of the results obtained by Jaffe, 
Bodansky and Blan (1931) has been questioned by Snapper (193S) and Hunter 
and Turnbull (1931), because similar changes were found to occur in a great 
variety of experimental conditions and even spontaneously Young ammals 
had been used m the majority of such experiments, and m these, osteofibrosis 
seems easily induced In our material we have not seen a single animal with 
osteofibrosis which was younger than 14 months 

Apart from primary hyperparathyroidism (Recklinghausen’s disease), enlarge- 
ment of the parathyroids has been described in a number of conditions All 
of these have in common a primary disturbance of the metabohsm of calcium 
and phosphorus (Luce, 1923 , Campbell and Turner, 1942), as m rickets and 
osteomalacia, or they are due to acidosis as m renal failuie (Gilmour, 1947) 
Only in the last condition do bone lesions occur, associated with enlarged para- 
thyroids and lesemblmg Recklinghausen’s disease Pappenheimei (1936) has 
studied this syndrome m young rats, the renal tissue of which had been greatly 
reduced We have no evidence to assume that a kidney disease was the cause 
of the syndrome described m this paper Further, it seems necessary to mention 
that the diets given m our experiments provided an ample supply of both calcium 
and phosphorus, excluding a nutritional deficiency 

The most controversial issue m parathyroid physiology is the role of the 
pituitary m regulating the parathyroid function and size Up to date no 
conclusive evidence foi the existence of a parathyrotropic hormone has been 
obtained We have studied the pituitanes of our rats suffering from hyper- 
paratlivroidism, and have failed to find any consistent changes m the cells of 
the anterior lobe Our material reveals that parathyroid hyperplasia occurred 
independently of the presence or absence of acidophil cells There were also 
no signs indicative for an active secretion of basophils or chromophobe cells 
\\ e have however, observed an enlargement of the pars intermedia, accompanied 
bv certain structural changes, the significance of which is not yet clear As 
long ago as 1924 attention to an enlargement of the pars intermedia following 
pnratkvioidectomy was drawn by Ymes (1924) 

SUMMARY 

(1) Long-term administration of goitrogens leads to an enlargement of the 
parathvroids in the rat 

(2) After 14 months or more of feeding of thiourea or related compounds 
(tluouracil and methvlthiouracil), a generalized osteitis fibrosa was found m 9 
of 33 ammals in association with enlargement of the parathyroids 
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Since the discovery of the thyrotropic secretion of the pituitary by Aron, 
Loeb and Basset (1929), there has been much investigation of its function m 
controlling the thyroid gland in animals In particular, it has been demonstrated 
that the hyperplasia produced by goitrogemc agents is produced by the thyro- 
tropic secretion of the pituitary which can be detected in the blood (Griesbach 
and Purves, 1943) 

However, there has been less success m evaluatmg the role of this hormone 
in human clinical syndromes Hertz and Oastler (1936), using the hypo- 
pliysectomizecL rat as a test animal, were unable to demonstrate thju otropie 
activity m blood or urine of thyrotoxic patients, although positive results v ere 
obtained from myxoedema patients Cope (1938) was also unable to find any 
increased thyrotropic hormone in the serum or urine of thinro toxicosis patients 
He used the guinea-pig as a test animal, and showed that the method v> on Id 
detect thyrotropic hormone m the blood of the thyroidectonnzed rabbit 
Galh-Mamrm (1942) assayed sera by their metabolism stimulating effects on 
thyroid tissue shoes He found no increased activity m sera fiom ordinary 
thyrotoxic patients, but obtained positive results in cases with dissociated 
ophthalmopathy 

Nevertheless, it has been assumed by many writers that the syndrome of 
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thyrotoxicosis is primarily due to an excess of thyrotropic hormone production 
It is also now the custom to ascribe the eye signs of the thyrotoxicosis syndrome 
to the action of excessive amounts of the thyrotropic hormone on the orbital 
tissues There are a number of investigations made m animals •which tend to 
show that pituitary extracts having thyrotropic activity do have an effect on 
the orbital tissues (Smelser, 1937 , Dobyns, 1945 , Albert, 1945) The hypo- 
thesis of over-secretion of thyrotropic hormone in thyrotoxicosis is, therefore, 
an attractive one, smce this single assumption would explam the two otherwise 
unrelated features of the disease, namely, the excess of thyroid secretion and 
the ocular signs However, unless the thyrotropic hormone is found to be 
present m the blood, it will be necessary to abandon or modify the hypothesis 
From the results of our investigations it seems to us that the hypothesis must 
m fact be abandoned 

No entnely satisfactory method for the assay of human serum for thyrotropic 
activity has been described It is necessary to have a sensitive tost animal, 
and also one which can tolerate large injections of serum We have not 
considered the possibility of concentrating the hormone from the serum because 
of the dangers of modifying the activity during the concentration process Thus 
Albert, Rawson, Merrill, Riddell and Lennon (1946) described an increase m 
the activity of inactivated pituitary extracts after heatmg, either alone, or 
with reducing substances Therefore, despite the fact that the cluck may be 
the most sensitive test annual, we have chosen the guinea-pig as the test annual 
because of its ability to absorb large doses of serum 

In order that the smallest activation of the thyroid may be of significance, 
it is necessary to treat the guinea-pigs so as to brmg their thyroids as far as 
possible into the completely inactive state For this purpose we administered 
thvroid substance which had been brought into solution by peptic digestion, 
as has been previously described (Gnesbach and Puxves, 1943) The response 
of the thyroid to thyrotropic hormone was evaluated by measuring the mean 
cell height of the acmar epithelium 


MATERIAL AXD METHODS 

Litters of gumea-pigs, five to seven days old, were taken and injected with 
thvroid digest, each daily injection containing 10 fig of iodine After nine 
da vs of thyroid digest treatment serum injections were begun The serum 
was given m the dosage of 2 5 ml per 100 g body weight per day, the guinea-pigs 
being v eiglied each day for the determination of dosage The daily dose was 
given in two injections a dmini stered subcutaneously with several hours between 
injections In manv cases the serum caused a local or general toxic effect, which 
did not seem to be due to bacterial contamination, but at the dose level used the 
animals usually survived the course The serum was given on four successive 
days On the fifth day the animals were killed with coal gas and the thyroids 
dissected out and fixed m 10 per cent formol saline The sections were cut at 
3u thickness and stained by Heidenliam s Azan method For the measurement 
of cell height the sections were projected on to an opaque screen at a magnifi- 
cation of 1000 Cell heights m 50 acini were measured on the screen in nun , 
each mm representing one nncron Serum samples were separated from the 
clot, cleared by centrifuging and preservatized with 0 3 per cent of metacresol 
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RESULTS 

The sera examined comprised 22 sera from 19 eases of uncomplicated 
thyrotoxicosis before treatment, 19 sera from 17 cases of thyrotoxicosis under 
treatment with thiourea or thiouracil, 37 sera from 27 cases of malignant 
exophthalmos and 5 sera from 5 cases of myxoedema 

Owing to a shortage of animals and deaths among them during the injections, 
there has not been a control obtained from every litter of guinea-pigs used for 
these experiments However, sufficient controls have been obtamed to provide 
a continuous check on the unstimulated state of the guinea-pig thyroids The 
results obtamed are summarized m Table I, and the distribution of the values is 
illustrated by the diagram of Fig 1 



Mean cell height of guinea-pig thyroid in yt 


Fig 1 — Distribution of results of thyrotropin te~-t = 
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Table I — Results of Thyrotropin Tests on 

Human Sera 

Mean Val 

Thyroid Cell Heights on 

Guinea-pigs 


Sera 

No of sera 
examined 

Mean cell height 

Standard 

Control (no serum) 

40 

3 68 

/ 

±0 

Thyrotoxicosis untreated 

22 

3 60 


±0 

Thyrotoxicosis treated 

19 

6 09 


± 0 

Malignant Exophthalmos 

37 

5 21 


i 0 

Myxoedema . 

5 

6 31 


db 0 


Table II 




Comparison 


Difference 

Standai 

Thyrotoxicosis untreated- 

-controls 

0 

017 

±C 

Thyrotoxicosis treated — controls 

1 

61 

±C 

Malignant Exophthalmos- 

-controls 

1 

62 

±C 

Myxoedema — controls 


1 

73 

±C 

Tliyro toxicosis treated — untreated 

1 

50 



Comparisons that may usefully be made between these values ar 
in Table II together with the standard errors of the differences It wil 
that there is no significant difference between the results of guinea-pigs i 
serum from thyrotoxic patients and the control guinea-pigs On tl 
hand, the three groups, thyrotoxicosis under treatment with thioure 
derivatives, malignant exophthalmos, and myxoedema, all show si| 
increases m cell height as compared with the controls It is plam, tl 
that thyrotropic activity was present m these sera However, an exai 
of the mean value does not present the whole story of the thyrotropic 
of these cases It is necessary to consider the amount of variation 
groups For mstance, m the group “thyrotoxicosis untreated,” the s 
deviation of the cell heights was greater than that for the controls (cr fo 
toxicosis untreated ± 0 70(1, for controls ± 0 47 p) An exammatior 
figuies showed that this extra variation m the thyrotoxicosis group ' 
to three abnormal values for cell height These three values were 2 6, 
0 A With these three values eliminated, the standard deviation of the re 
10 i alues was piactically the same as that of the controls The lov 
height found m any of the control guinea-pigs was 2 9 p, and the high 
M e have considered the possibility of the two low values in the ‘ ! thyrol 
untreated ’ group being due to a thyroid depressing activity m these s 
the e\ idence is insufficient to support this The high value, 5 3p, coulc 
to the presence of thj-rotropic activity m this serum, but the result n 
high statistical significance, and could well be due to chance variation Tl 
in the thyrotoxicosis group with possible exception of one ser um there 
indication of thvrotropic activity 

The standard deviation for thyrotoxicosis treated (± 1 03 p) and for m 
exophthalmos (± 1 47 p) are significantly greater than that for the 
(± 0 47 p) This is to be expected, since thyrotropic activity is pr< 
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varying amounts m the different sera The standard deviation of the malignant 
exophthalmos groups is considerably greater than that ^ of the thyrotoxicosis 
treated group, but this difference is not of great statistical significance ( P 
between 0 1 and 0 05) 

An examination of the distribution of the values m the malignant exoph- 
thalmos group, as shown m Fig 1, reveals that while most of the sera tested 
had definite thyrotropic activity, there was a group of rune sera yielding cell 
heights between 2 8 and 3 9 ji m which thyrotropic activity seems to be definitely 
absent It is certain then that thyrotropic activity is not universally present 
m the blood of patients with malignant exophthalmos 

An examination of the distribution of the values for thyrotoxicosis untreated 
and after treatment with thiourea or thiouracil as shown in Fig 1 reveals that 
the whole group of patients under treatment shows a shift to the right as 
compared with patients untreated This indicates that the appearance of 
thyrotropic activity in thyrotoxic patients under treatment with thiourea or 
thiouracil is general 


DISCUSSION 

It is of great importance to know for comparative purposes the response 
to be expected from normal sera Cope (1938) did not obtain with normal sera 
any histological activation of the gumea-pig thyroid using a method somewhat 
similar to our own We have been able to observe only four specimens of normal 
human serum, but with these four no activation of the guinea-pig thyroid was 
detectable as compared with the controls We have at present m progress a 
further investigation of the thyrotropic activity of -normal sera, but for the 
purpose of the present investigation we will assume that the effects obtainable 
from normal sera are negligible when tested by our method 

The results ob tamed from untreated cases of thyrotoxicosis seem to us to 
demonstrate conclusively that the hypersecretion and the hyperplastic activation 
of the thyroid in this disease is not the result of thyrotropic secretion from the 
pituitary This result seems most important, since the current literature reveals 
that many investigators are assuming on insufficient grounds that the hyper- 
thyroid syndrome is due to hypersecretion of pituitary thyrotropin This 
hypothesis, which would make the hyperthyroid syndrome a disease primarily 
of the pituitary or of some mid-brain centre, has strong attractions, since it 
would seem to offer a hypothesis which could explain both the general activation 
of the thyroid and the ocular signs of this disease However, it seems that 
the results of these tests show that this hypothesis, despite its attractions, must 
be abandoned In saying this we are not overlooking the auxiliary hypothesis 
put forward by Rawson, Graham and Riddell (1943) that the thyrotropin is 
inactivated by the thyroid m the course of producing its stimulation It has 
been postulated that there may be a hypersecretion of thyrotropin winch is 
not detectable, since the thyrotropin is rapidly inactivated by the hyperplastic 
thyroid We think that this inactivation could, m fact, account only for the 
absence of thyroid stimulating action m the blood of the thyroid veins If 
the thyroid is being stimulated bj 1 " the blood which is reaching it from the arteries, 
then that stimulating action should be demonstrable m blood drawn from the 
general circulation and should reveal itself in the guinea-pig The mactnation 
of thyrotropic hormone by the thyroid may result m a lover level of thyrotropic 
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activity m the blood than would be attained after thyroidectomy, but it should 
still be detectable 

The results of the test of sera from thyrotoxic patients after treatment with 
thiourea or thiouracil show that thyrotropic activity appears in the blood during 
treatment This thyrotropic activity in the blood of thyrotoxic - p atients under 
treatment seems to us to show that pituitary function is substantially normal 
m hyperthyroidism Thus, while thyrotropic activity is absent while the 
thyroxine level of the blood is high, there is a secretion of thyrotropin when the 
thyroxine level has been reduced to normal or slight below normal levels How- 
ever, it could be claimed that the appearance of thyrotropic activity during 
treatment with thiourea or its derivatives is due to the reactivation of inactivated 
thyrotropic hormone by the action of the thiourea (Albert, Rawson, Merrill, 
Lennon and Riddell, 1947) The observations of Wegehn (1938) on the histology 
of the pituitary in 20 cases of hyperthyroidism are most important m this 
connection and seem to us to be crucial He found the histology of the pituitary 
m hyperthyroidism to be substantially normal with no signs of hyperfunction 
Smce secretion of thyrotropin is associated with hypertrophy and hyperplasia 
of basophil cells which are easily recognized, the absence of such changes m hyper- 
thyroidism indicated that there is no excess secretion of thyrotropin m this 
disease 

Although the thyrotropin hormone is not involved in the production of the 
hypersecretion of the thyroid and the eye signs of ordinary thyrotoxicosis, it 
could still be responsible for the severer orbital changes of malignant exoph- 
thalmos The hypothesis that excessive thyrotropin secretion has a causal 
role m the production of malignant exophthalmos obtains its mam support 
from the demonstration of the exophthalmos-producing effects of pituitary 
extiacts m laboratoiy animals There has been, however, little attempt to 
demonstrate the existence of this excessive thyrotropin m the blood of such 
patients Our own tests show that a major proportion of such malignant exoph- 
thalmos cases do, m fact, have high amounts of thyrotropin m the serum 
Xe% eitheless, the existence of typical cases of this syndrome with a complete 
absence of thyrotropic activity in the serum raises important doubts concerning 
the causal lole of thyrotropin m this syndrome The group of cases without 
tlmotiopic activity m the serum did not differ m any clinical feature from the 
gioup with elevated thyrotropic activity Early cases and very severe cases 
appeared in both groups Moreover, high levels of thjuotropic hormone were 
found m mvxoedema patients and in thyrotoxicosis patients after thiourea or 
tlnoiuacil treatment 

The mfiequent occurrence of malignant exophthalmos compared with the 
number* of thyrotoxic patients being treated shows that in most individuals 
the presence of excess thyrotropic hormone in the blood does not lead to malignant 
exophthalmos Oibital changes are also certainly not a marked feature of 
im xoedema It tlieiefoie appears that a high level of thyrotropic hormone 
docs not m general produce a malignant exophthalmos, nor is a high level 
m\ ariablv found m malignant exophthalmos patients It should be noted that 
m some of the malignant exophthalmos patients m which no thyrotropic hormone 
was found the serum was taken m the early stages of the disease when the 
symptoms were increasing rapidly Therefore, it cannot be said that the absence 
of thyrotropic hormone was due to the subsidence of the thyrotropic hormone 
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after a period during ■which it had been high and had produced irreversible 
changes in the orbit The conclusion that we reach is that there is a considerable 
degree of correlation between malignant exophthalmos and high serum thyro- 
tropin, but there is not apparently a direct causal relation between the two 
Either malignant exophthalmos must be divided into two or more diseases, 
in only one of which thyrotropic hormone is a causal agent, and even then reqmres 
the existence of some other circumstances to produce symptoms of the seventy 
of malignant exophthalmos, or the thyrotropic hormone and the malignant 
exophthalmos are only indirectly related In the latter case we would postulate 
that both the exophthalmos and the hypersecretion of thyrotropin are the results 
of some primary lesion, presumably m the central nervous system 

When we began this investigation we were inclined to the view that malignant 
exophthalmos and thyrotoxicosis were two aspects of the same disease In 
both syndromes hyperthyroidism and orbital changes may be observed In 
malignant exophthalmos orbital symptoms overshadow the metabohsm disturb- 
ance, which may indeed be absent On this view the condition which is here 
called malignant exophthalmos has been termed Graves’ disease with disassociated 
ophthalmopathy We expected that the severe eye symptoms of malignant 
exophthalmos would be found to have the same cause as the less severe eye 
symptoms associated with typical Graves’ disease The fact that so many of 
the malignant exophthalmos patients had high thyrotropic activity m the blood 
which was never found m the typical hyperthyroidism makes it likely that the 
two diseases are distmct 


SUMMARY 

A method for the assay of thyrotropic hormone m serum fiom human 
subjects is described 

The results of the exammation of 22 specimens from cases of thyrotoxicosis 
before treatment, 19 specimens from cases of thyrotoxicosis under treatment, 
37 specimens from cases of malignant exophthalmos, 5 specimens from cases of 
myxoedema are described 

In thyrotoxicosis untreated no thyrotropic hormone was found 
In treated thyrotoxicosis weak or moderate thyrotropic activity was present 
m all cases 

Malignant exophthalmos cases fell into two groups One group was devoid 
of thyro tropic hormone In the other group definite thyrotropic activitj 1- was 
present, in some cases extreme activity bemg found 

Marked thyrotropic activity was found m untreated myxoedema 
It is concluded that thyrotoxicosis is not the result of excessive secretion of 
thyrotropic hormone 

The appearance of thyrotropic activity m thyrotoxic patients after treatment 
is held to show that pituitary function is substantially normal m thvrotoxicosis 
The inconsistency of appearance of thyrotropic hormone m malignant exoph- 
thalmos cases is considered to disprove the causal role of thvrotropic hormone 
in the production of malignant exophthalmos 

It is considered that the excess thyrotropin secretion and the e\e lesions o 
malignant exophthalmos aie the result of a lesion in the bram-stem nhich affect « 
the orbit and the pituitary by neuial pathways 
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The effect of mitotic poisons on the metabolism of isolated tissues is of 
importance both as a means of selecting those substances with a high specificity 
tonards cells in division, and as a means of investigating their mode of action 
In tins respect the effect on oxygen consumption has a special importance, because 
of the conclusion of Fisher and his colleagues (Fisher and Henry, 1944) that 
inhibition of cell division is associated with the inhi bition of a fraction of the 
total cellular respiration concerned in this process 

Recently a series of acridine compounds has been shown to inhibit mitosis 
in cultuies of cluck fibroblasts, and has been made available through the kindness 
of Dr J H Wilkinson The effect of four of these compounds, both on mitosis 
and on respiration, has been tested on the isolated brain of the embryonic chick 

MATERIAL AND METHODS 

The tissue used was the mid- brain vesicle of the 6-day chick removed from 
the embryo with its mesodermal and ectodermal coverings At this stage there 
are many dividing cells m the ependymal layer which can be readily examined 
bi the nceto-lacmoid squash method of La Cour (Darlington and La Cour, 1942) 
Although accurate mitotic counts are not possible, about 5 per cent of the cells 
m the preparations v, ere m some stage of mitosis 

Oxygen consumption was measured by a modification of the Cartesian diver 
micromanometer previously described (O’Connor, 1948) This technique was 
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designed, to measure the oxygen consumption of Daphnia, and certain furtliei 
modifications have been necessary The medium was a strongly buffeied 
Tyrode solution of the following composition 

Tyrode solution 100 ml 

Na 2 HP0 4 2 11 per cent 24 ml 

KH 2 P0 4 2 04 per cent 6 ml 

the solution bemg isotomc and of pH 7 6 The amount of buffer was considered 
an advantage smce, m the divers, the tissue was suspended m a small amount 
of fluid When removed from the embryo the brain tissue was placed m this 
medium, and cut into fragments about 1 mm square Divers filled with medium 
were placed beneath the surface of the medium, and four or five fragments 
introduced into the necks of the divers The divers were then centrifuged to 
make the tissue enter the bulb Excess medium was removed, leaving the tissue 
fragments suspended m 20-30 jil of fluid Subsequent steps of filling the divers 
followed the technique already described, and mcluded the introduction into 
the necks of the divers of a solution of the acridine compound to be tested In 
most cases the solvent was the medium, but m certain cases hmits of solubility 
made it necessary to use normal saline In these cases the alteration of the 
saline composition of the bulb contents resulting from the addition of the acridine 
solution affected neither mitosis nor respiration All experiments were performed 
at 37° C , and the divers were filled with oxygen 

The normal rate of respiration was measured for 45 minutes and recorded 
as the change m the flotation pressure The actual amount of oxygen consumed 
was not calculated, but the change m flotation pressure was 100-150 mm watei, 
and corresponded to an oxygen uptake of approximately 1 pi At the end of 
45 minutes the acridine solution was added to the bulb contents, and any alteration 
m the rate of oxygen consumption measured In order to allow for the mixing 
of the added acridine solution, the change m flotation pressure was recorded 
during the period 40-120 minutes after its addition, and the percentage alteration 
in oxygen consumption calculated Control experiments were performed m 
winch medium containing no acndme compound was added to the bulb contents 
from the neck of the divers In twenty such experiments the oxygen consumption 
following this manoeuvre averaged 96 0 per cent of the normal, with a standard 
deviation of 5 08 per cent, so that an alteration of oxygen consumption of less 
than 10 per cent could not be considered significant 

After two hours’ exposure to the acndme compound the tissue was washed 
from the divers and examined by the aceto-lacmoid squash method In control 
experiments mitotic figures showed no abnormality (Fig 1), but with effective 
concentrations of acndme compounds recognizable changes occurred The 
shghtest change observed consisted of swelling and irregularity of chromosomes, 
winch at slightly higher concentrations became fused to a pycnotic mass (Fig 2), 
the course of events resembling that described by Dustm (1947) Smce it vas 
easier to recognize the fusion to a pycnotic mass, the concentration of acridine 
compound producing this change was recorded as the “effective mitotic con- 
centration ” Although this v as a convenient method of comparing the acndme 
compounds mvestigated, it is desirable to point out that the results ma\ not be 
comparable witli, methods using mitotic counts and v here the compound is applied 
for longei periods of time 
3 
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EXPERIMENTAL RESULTS 
* 

(a) Effective mitotic concentration 

This concentration m the case of 5 -ammo -acridine hydrochloride, 5-amino- 
10-methylacndimum bromide, 5-ammo-l-pbenyl-10-methylaeridinrum bromide, 
and 5-ammo-2-trifluoromethylacridine hydrochloride is recorded in Table I 


Table I — The Effect of Acridine Compounds on Mitosis and on Respiration 
in the Isolated Brain of the 6 -day Chick Embryo 


Compound 


5 amino 1 phenyl 10 methylacndimum bromide 
5 ammo-10 methylacndimum bromide 
5 ammo acridine hydrochloride 
5 ammo 2 trxfluoromethylacndme hydroehlonde 


Respiratory inhibition — 
— 


Effective 

mitotic 

concentration 

f— 

at effective 
mitotic 

at 10 x 
effective 
mitotic 
concentration 
% 

at 16 mg 

mg /100 ml 

concentration 

% 

100 ml 

% 

,1 8 

0 

0 

0 

0 7 

0 

0 

0 

0 8 

< 10 

20 

30 

0 9 

< 10 

68 

100 


The results are averages from a senes of experiments as descnbed above, and 
from those where the effective mitotic concentration was separately tested 
In these cases fragments of the brain tissue were exposed to varying concentrations 
of the acridine compounds m small test-tubes filled with oxygen, and adequate 
oxygenation assured by reducmg the amount of medium to a layer 2-3 mm 
in depth The results m these two types of experiment did not differ Most 
experiments involved decreasing concentrations by two-fold dilutions, and 
there was a subjective element in determining the effective mitotic concentration 
Hence it is necessary to suggest that, for two results to differ significantly, one 
should be twice the other From Table I it is seen that 5-amino-l-phenyl-10- 
methylacndinntm bromide is less effective than the other three compounds, 
which show no significant difference 


(b) Effect on respiration 

The same four compounds as m the previous section were tested In each 
case 20-30 varying concentrations were used, and the relationship of concentration 
to inhibition of oxygen consumption plotted m Fig 3, where ,the concentration 
is expressed on a logarithmic scale Certain relevant information is extracted 
from the figure and included m Table I Thus it is seen that, at the effective 
mitotic concentration, the inhibition of respiration is small, none being demon- 
strated m the case of 5-ammo-10-methylacndinium bromide and 5-ammo-l- 
plienvl- 1 0-methylacndnnum bromide, while in the case of 5-amino-acridine 
In drochlonde and o-ammo-2-tnfluoroacndme hydroehlonde the decrease is 
less than 10 per cent, and thus not certainly significant At ten times the 
effective nntotic concentration there is, however, a considerable difference, 
there being no demonstrable inhibition in the case of 5-ammo- 10-methylacndnuum 
bromide and o-ammo-l-phenyl-10-methylacndinium bromide, while 5-amrno- 
acridme In drochloride and 5-ammo-2-tnfluoromethylacndine hydroehlonde 
produce inhibitions of 20 per cent and 68 per cent respectively 
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Fig 3 — The effect of acridine compounds on respiration EMC = effectn e mitotic concentration 
A Concentration of 5 ammo 1-phenyl 10 methylacndinium bromide 
B Concentration of 5 a min o 10 methylacndinium bromide 
C Concentration of 5 ammo acndine hydrochloride 
D Concentration of 5 -amino 2 trifluoromethylacndme hydrochlonde 

DISCUSSION 

Two of the compounds, 5-ammo-acndine hydrochlonde and 5-ammo-2- 
tnfluoromethylacridine hydrochlonde, produce an increasing inhibition of respira- 
tion as the effective mitotic concentration is exceeded Therefore, if these 
two compounds were used in intact animals, it is more likely that the3 r would 
effect general cellular metabolism than the other two compounds 

The inhibition of respiration cannot be due to effects confined to cells in 
division, since these comprise about 5 per cent of the total cells It must there- 
fore be due to an inhibition of the respiration of all cells In the case of 5-ammo- 
10 -methylacndinium bromide, 5-ammo-acndme hydrochlonde, and 5-amuio-2- 
tnfluoromethylacndmium bromide hydrochlonde, where the effective mitotic 
concentration is approximately equal, the inhibition of respiration, at equa 
concentrations, ranged from nil to 100 per cent (Table I) It is there ore 
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concluded, that the effect on mitosis and the effect on respiration are independent 
A comparable independence has been recorded with similar acndme compounds 
between antimalarial activity and the inhibition of the respiration of chick red 
cells infected with Plasmodium galhnaceum (Albert and Marshall, 1948) 

It is of interest to compare these results with those of Fisher and his co-workers, 
who investigated the effect of urethane on yeast (Fisher and Stem, 1942), on 
Teirahymena (Onnsbee and Fisher, 1944), and of both urethane and chloretone 
on the egg of Arbacia (Fisher and Henry, 1944) They concluded that total 
cell respiration could be divided mto two fractions, one, the “active” respiration 
associated with cell division, and the other, the “resting” associated with other 
cellular processes They further concluded that the active respiration was more 
sensitive to the action of urethane and chloretone than the resting, and that 
inhibition of cell division was associated with the inhibition of the active respi- 
ration This, m different material, amounted to 20-40 per cent of the total 
respiration 

In the present series of experiments with acndme compounds no similar 
decrease of respiration at the effective mitotic concentration has been demon- 
strated This difference majp however, be only apparent because of the lower 
rate of cell division in the material employed, so that any associated oxygen 
consumption might be so small that its inhibition could not be detected by the 
method used Therefore, it is not excluded that the action of acndme compounds 
on mitosis is associated with the inhibition of an associated fraction of the total 
oxygen consumption, winch, when compared with the remainder, shows a greater 
susceptibility to the action of acndme compounds, and a smaller susceptibility 
to variations m their chemical structure 

m 

SUMMARY 

(1) Simultaneous measurements have been made of the effect of four acndme 
compounds on mitosis and on respiration m isolated bram of the 6-day chick 
embryo 

(2) All four compounds affected dividing cells m concentrations rangmg 
from OT-1 8 mg pei 100 ml , with little or no inhibition of respiration At 
higher and equal concentrations the inhibition of respiration ranged from ml 
to 100 pei cent 

(3) It is concluded that the effects on mitosis and on respiration are 
independent 

Tins York has been performed while m receipt of a personal grant from the 
Bi ltish Empire Cancer Campaign, and the writer is indebted to Professor P J V 
Pul\ ertaft foi facilities provided 
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A considerable amount of evidence was foimd by Daubney and Hudson 
(1931 1933) which indicated that the virus of Rift Valley fever is transmitted 
by mosquitoes Nevertheless, it was not until 1944 that the agent was first 
isolated from wild-caught mosquitoes (Smithbum, Haddow and Gillett, 1948) 
and prior to the present communication there has been no account of its successful 
transmission by hematophagous arthropods 

In 1944, while attempting to discover the vector responsible for the trans- 
mission of yellow fever among wild primates in uninhabited forest (Smithbum, 
Haddow and Gillett), Rift Valley fever virus was isolated 6 times from different 
lots of mosquitoes caught during a period of 39 days m a circumscribed area of 
the Semliki Forest in western Uganda The agent was isolated once from 
Aedes ( Stegomyia ) de-boeri spp de-meilloni, Edwards, twice from the Aedes 
( Aedimorphus ) tarsalis, Newst group, and 3 times m successive catches from 
Eretmapodites spp The indications were that the former 2 contamed little 
virus and may have been only casually infected, whereas the Eretmapodites 
not only were regularly infected during the period of virus activity, but apparently 
contamed the virus in considerable quantity These facts suggested that the 
local vector, if one was included m the species from which virus was isolated, 
was one of the Eretmapodites spp Mosquitoes of the Eretmapodites chrysogaster 
Graham group were more numerous m the infected lots than were any of the 
other species of Eretmapodites Moreover, members of this group were known 
to be capable of transmitting another virus disease — yellow fever (Bauer, 1928) 
Accordingly, it was decided to attempt the experimental transmission of Rift 
Valley fever virus with these mosquitoes, and with other species regarded as 
suspect vectors of the virus m Kenya The tests with Eretmapodites were 
successful and are described m this paper, which therefore records the first 
experimental transmission of Rift Valley fever virus by the bites of mosquitoes 

MATERIALS AND METHODS 

At the time these experiments were earned out we had no colony of mosquitoes 
of the E chrysogaster Graham group, and we therefore were obliged to use wild 
insects or adults reared from wild-caught larvae These were captured at 
Kitinda a forested locality near Entebbe, where they were present m good 
numbers and where Rift Valley fever was not known to have occurred Adult 
female mosquitoes were caught individually m glass tubes as they alighted to 
bite the catchers, and the tubes were then lightly plugged with cotton The 
captured msects were transported the short distance to the laboratory m the 



36 


K C SjMITHBUEK, a j haddow and w h r lumsden 


catclung tubes , there they were examined and sorted by one of us and released 
into Barraud cages 

The Taenioihynchus employed in the experiments were also wild mosquitoes, 
which were caught m lake-shore localities near this Institute The Aed.es aegypti 
were laboratory-reared msects descended through several generations from 
material collected m Nigeria by Dr J C Bugher, who supplied us with the 
mosquito eggs 

The animals used were mice and lambs The lambs were European-native 
hybrid stock and were about 5 or 6 months old None of them died as result 
of Rift Valley fever in these or other experiments Whether their survival 
was due to age, or breed, or to characteristics of the virus is not known Their 
clinical and immunological responses to infection, whether induced by bites of 
mosquitoes or by inoculation, were typical 

The mosquitoes received their infective feeds, m the first instance fiom 
mice sick or moribund following inoculation with virus of Rift Valley fever 
The inoculated mice were placed singly in close-fitting cylmders made of monel- 
metal gauze Each end of the cylinder was closed with a cork to render the 
mouse relatively immobile without causing it discomfort One of the corks was 
grooved to accommodate the a nim al’s tail In some mstances moribund mice 
were exposed to mosquitoes without bemg confined m the cylinders The 
infected mice m the cylmders (and the few not so confined) were placed m 
Barraud cages 

The mosquitoes- which gorged were removed to other Barraud cages All 
those which fed on a given day on mice of the same group were placed m the 
same cage and given the same lot number The cages were kept m a controlled 
temperature cabinet The cages and the floor of the cabinet were covered with 
moist cotton m order to provide a hi ghl y humid atmosphere for the insects 
The temperature withm the cabinet was 30° C throughout the experunents 
Mosquitoes of the genus Ta emorhynchus did not thrive Well m the controlled 
temperature cabmet and, after a few prekmmary trials, they were kept m large 
Barraud cages in the open air of the msectary, with only the tops of the cages 
covered with moist cotton The temperature of the msectary varied between 
22° C and 2G 6° C during the experiments The mosquitoes were given banana 
and water daily, but on the day before they were to be exposed to normal mice 
oi a normal lamb for transmission attempts, the banana was removed from the 


cages 


The mosquitoes to be offered a transmission feed on a lamb weie placed 


individually m wide-mouthed gauze-covered glass tubes, winch were applied 
to the shaven skm of the animal The transmission feeds on mice were given 
in the same mannei as the infective feeds 

When the first transmission of the virus to a lamb was accomphshed, fresh 
lots of mosquitoes weie exposed to this animal Those which gorged were 
thereafter handled m the same way as mosquitoes which received their infective 
feeds from mice 

An animal vhicli served as source of virus for the mosquitoes was usually 
bled from the heart m the case of a mouse (for this and other procedures the 
animals were anaesthetized with ether), or the jugular vem m the case of a lamb, 
lmmediateh after the infective feed, and the serum was tested for virus In 
the case of the lamb sera titrations of virus content were done 
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During the experiments infected mosquitoes were inspected daily, m the 
early part of the morning Any which were found dead were ground up, usually 
individually, for inoculation into mice to determine whether they had retained 
the virus For these tests, mosquitoes were triturated m a mortar with 1 ml 
of 10 per cent non-immune serum m physiological saline (hereafter referred to 
as serum-saline or diluent) The suspension was spun in an angle centrifuge 
at about 2500 r p m for 15 to 30 minutes A group of mice was inoculated 
mtrapentoneally, with 0 06 ml of the supemate per mouse, after which the 
remainder of the supemate was passed through a Seitz E K pad previously 
washed with serum-saline A second group of mice was inoculated mtra- 
pentoneally with this Seitz filtrate 

When a lamb bitten by infected mosquitoes exhibited an elevation of 
temperature it was bled, and its serum was tested for cnculating virus When 
quantitative virus determinations were required, end-pomts were calculated by 
the method of Reed and Muench (1938), and the end-pomt dilution was regarded 
as containing 1 LD 50 per unit of inoculum 

The livers of mice which sickened or died as the result of being bitten by 
infected mosquitoes were employed for passage to other groups of mice 
Inoculated mice were examined once daily, or oftener when necessary Protection 
tests were made to identify vims recovered from mosquitoes The identity of 
virus recovered from mosquitoes was further confirmed by histological examina- 
tion of livers of mice inoculated with suspensions of the mosquitoes 

The protection tests were done in the following manner 0 25 ml portions 
of material suspected of containing Rift Valley fever vims (lamb serum, or the 
unfiltered supemate of a 10 per cent suspension of liver from a sick or a dead 
mouse) were added to 0 5 ml portions of known non-immune serum and to specific 
Rift Valley fever immune serum After vigorous agitation the serum -virus 
mixtures were allowed to stand for 15 minutes to 1 hour, at either room or 
incubator temperature, after which separate groups of 6 mice were inoculated 
mtrapentoneally with 0 06 ml of the mixtures per mouse The presence of 
Rift Valley fever virus was considered proved if not more than 1 mouse receiving 
the mixture containing non-immune serum survived and if all, or all but one, 
of those receiving the mixture containing Rift Valley fever immune serum 
lemamed well during a period of 10 days following inoculation Tests for 
immunity were made m convalescent lambs by mixing stock virus with the 
serum of the lambs in question This was incubated and inoculated m the 
same manner as the serum-virus mixtures for protection tests Suitable controls 
v ere employed 

The macroscopic appearance of the livers of infected nnce was found to be 
so variable as to be unreliable for diagnostic purposes, but the presence of Rift 
Valley fever could easily be detected by microscopic exammation of tins tissue 
In no instance was there disagreement between the results of protection tests 
and the histological examination 

EXPERIMENTAL 

Erelmapodites chrysogaster Graham gioup 

Four lots of mosquitoes of the E chrysogaster Graham gioup vere found 
to, oi appeared to, have received their infective feeds at times when the lexe 
of circulating virus was adequate in the infecting animal and 1 of the c e oG 
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gave successful transmissions as Mill be seen from tbe following paragraphs 
Table I shows the number of mosquitoes of each lot which bit normal animals 
on various days and indicates those bitings which resulted in transmissions 



Transmission I — Twelve E chrysogaster group mosquitoes comprising 
Lot 1, received their infective feeds from mice on May 12 Although they were 
afterward repeatedly offered feedings on normal mice in attempts to secure 
transmission of the virus none of them bit these animals Two of the lot bit 
normal Lamb 3 on the 11th day after their infection without results Three 
of the lot bit the same animal on the 20th day after their infection (June 1) 
together with 4 E chrysogaster group mosquitoes of Lot 7 which had received 
their infective feeds on May IS 6 days after the mosquitoes of Lot 1 (Table I) 
On June 4 the lambs temperature rose sharply to 107 2° F (Fig 1) and 
remained elevated throughout the dav but it was within normal limits by the 
following morning 

Six tests for virus v ere made with mosquitoes of Lot 1 from the 15th to the 
20th day after their infective feeds Five of the tests were made with individual 
mosquitoes and the 0th with a pool of 2 The pool of 2 mosquitoes and 3 of 
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the individual mosquitoes contained virus, so that either 4 or 5 of the 7 mosquitoes 
tested were shown to have retamed the virus, all of them for more than 2 weeks 

Lamb 3 was bled daily for 10 days, and groups of mice were inoculated rntra- 
peritoneally with its serum to test this for the presence of circulating virus 
Serum specimens taken on June 4 (the day of fever) and on June 5 were titrated, 
while on other days only the undiluted serum was tested Sufficient virus was 
present m serum taken June 3 to cause the death of all the moculated mice 
On June 4 the titre of virus in the serum of the lamb was 1 in 34,000, and on 
June 5 it was 1 m 69 (Table EE) No virus was present m blood taken on other 
days 

A protection test employing as virus the serum taken from Lamb 3 on June 4 
agamst normal and Rift Valley fever immune sera, showed that the infective 
agent present that day in the serum of the lamb was specifically neutrabzed by 
the Rift Valley fever immune serum (Table II) Additional protection tests, 
employing preinfection serum, and specimens taken at various stages in the 
convalescence of the lamb, against stock Rift Valley fever virus, showed that 
demonstrable protective antibody was present 7 days after the onset of fever 
or 10 days after the animal was bitten by infected mosquitoes (Table III) 

Histological studies were made of the liver of a mouse moculated with «erum 
taken from Lamb 3 on June 3 These revealed the presence of the characteristic 
lesions of Rift Valley fever, m further confirmation of the transmission 
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Table II — Results of the Intrapei itoneal Titration of the June 4 Serum of Lamb 3, 
and of a Protection Test which showed that the Pathogenic Agent m that Serum 
uas Rift Valley Fever Virus 



Jane 4 serum, 


Deaths of mice (days 


nummary of result 


Litre of 

Sentm 

Lamb 3, 


after inoculation) 


r 

A 


i ini', 1 


dilution, log 

/ 


A. 



— , 

Died 

Lived 


in — 

Xorxnal rhesus 

0 

) 

~ 1 

2, 

2, 

3, 

3, 

3 

6 

0 



> > 

2 

3, 

3, 

3, 

3, 

3, 

5 

6 

0 



Immune human 

0 

s. 

s. 

s. 

s. 

s, 

S 

0 

6 



7 7 It 

2 

s. 

s. 

s, 

s, 

s, 

s 

0 

6 




0 

— t 

> 

— y 

2, 

3, 

3, 

3 

b 

0 " 




1 

3, 

3, 

3, 

3, 

3, 

4 

0 

0 



Diluent only, for 

2 

i 

3, 

3, 

3, 

3, 

3 

G 

0 



titration of virus in -l 

3 

3 

3, 

3, 

3, 

3, 

S 

5 

1 

i- 

34 00U 

serum of Lamb 3 

4 

3 

3, 

3, 

3, 

3, 

S 

5 

1 




5 

3, 

3, 

s. 

s, 

s, 

s 

2 

4 




6 

S 

s. 

s, 

s, 

s. 

s 

0 

6 J 




S indicates that the mouse survn ed 






It could not be determined -whether Lamb 3 was infected by mosquitoes of 
Lot 1 or Lot 7 However, in the light of results which follow, it seems probable 
that it was infected by the mosquitoes of Lot 1, and that the extrinsic incubation 
penod was 20 days 

Table III — Results of Tuo Intraperitoneal Mouse Protection Tests employing 
1 per cent Rift Valley Fever Virus , Showing the Acquisition of Eumoial 
Immunity by Lambs Infected through the Bites of Eretmapodites ckrysogastei 
Group 
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2, 
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? 

f 

3, 

4 

6 
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b 

3, 

3, 

3, 

3 

3, 

3 

6 
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7 

3, 

3, 

3, 

3, 

3, 

3 

6 

0 


9 

S 

3, 

3, 

3, 

3 

4, 

4 

6 
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, 10 

9 

5, 

6 , 
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6, 

s. 

S > 

4 

7 


11 

10 

4, 

s. 

s, 

s. 

s, 

S 

1 

7 


17 

lb 

s, 

s, 

s, 

s. 

S, 

s 

0 

G 

Lamb 4 
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0 

“ 1 

2, 

2, 

2 

3, 

3 

6- 

0 
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2, 

2, 

9 
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3 

6 

u 

1 
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S, 
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s. 

S 

0 
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7 
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9 
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Transmission 2 — The 33 E chrysogaster mosquitoes compnsmg Lot 7 
received infective feeds from mice on May 18 One gorged on and 2 probed a 
normal mouse on the 6th day after the infective meal, and another probed a 
noimal mouse on the 11th day, but no transmission occurred Tour of the 
mosquitoes gorged on a normal lamb on the 10th day, without transmitting 
virus , anothei 4 bit a normal lamb (Ho 3) on the 14th day, probably u ith 
negatite result The final exposure to normal animals occurred on the 20th 
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day (June 7), when 4 of the insects bit a normal mouse (Table I) The mouse 
remamed well during 48 hours, but was found dead on the morning of the 3rd 
day It was inadvertently discarded before a protection test was made or the 
liver was obtained for histological examination However, the death of the 
animal within the appropriate period of time and after an illness of less than 
24 hours is indicative of Rift Valley fever Moreover, all the mosquitoes that 
bit this mouse weie shown to be infected On the 21st day after the infective 
feeds the 13 mosquitoes remaining ahve, including the 4 which bit a normal 
mouse the previous day, were tested individually for the presence of virus Each 
of the 13 contained virus Sixteen other tests for virus were made on individual 
mosquitoes of this lot between the 8th and the 20th day after the infective meals , 
14 gave positive results The tests on this lot, therefore, showed that 27 of 29 
mosquitoes tested had retamed the virus, 13 of them for as long as 21 days 
The extrinsic period of incubation in this transmission was 20 days, and the 
intrinsic period was 3 days 

Ti ansmtssions 3 and 4 — The 44 E chrysogaster group mosquitoes of Lot 1 1 
received their mfective feeds on Lamb 3 on June 4, at a time when the serum 
of the lamb contained 567,800 LD 50 of virus per ml The lamb itself had been 
infected by E chrysogaster group mosquitoes Mosquitoes of Lot 1 1 bit normal 
mice on the 3rd, 5th, 7th, 9th, 11th, 13th and 15th days after their infective 
meals without transmitting virus A normal mouse bitten by 2 of the mosquitoes 
on the 19th day (June 23) became infected (transmission 3) Individual mos- 
. quitoes probed normal mice on the 22nd and 25th days, but got no visible blood, 
and did not transmit virus Five gorged on and 2 probed non-immune Lamb 4 
on the 17th day, but transmission did not occur One gorged on and 2 probed 
normal Lamb 6 (Table I) on the 20th day (June 24), and this lamb became 
infected (transmission 4) Two mosquitoes probed normal Lamb 4 on the 22nd 
day and one on the 25th day, but got no blood and did not infect that lamb 
Olie mosquito gorged on normal Lamb 4 on the 29th day and again on the same 
lamb on the 31st day without result This mosquito was tested on the 31st 
day and found to contain virus Its failure to transmit is unexplained, but 
probably indicates that the vector potential of mosquitoes of the E chi ysogaslei 
group is variable Forty-two tests of individual mosquitoes of this lot showed 
that 33 of them retained virus 

In summary, it may be said that transmission from lamb to lamb and from 
lamb to mouse was effected with mosquito Lot 11, with extrinsic incubation 
periods of 20 and 19 days respectively, and that 78 per cent of the mosquitoes 
tested were proved by inoculation to have retained the virus, the longest period 
of retention being 3 1 days 

The normal mouse bitten by mosquitoes of this lot on June 23 (transmission 
3) remamed well durmg 4 days, but was sick on the morning of the 5th day 
It was sacrificed, and a suspension of a portion of its liver was used as virus m 
a Rift Valley fever protection test Of the 6 mice which received this suspension 
mixed with non-immune serum, 4 were dead on the 2nd and 2 on the 3rd day 
Each of the 6 mice receiving the liver suspension mixed until Rift Valley feier 
immune serum remamed well durmg 10 days The result showed that the 
liver of the mouse contained an infective agent which was specifically neutralised 
by antibody against Rift Valley fever virus The transmission was further 
confirmed by the fact that the liver of the mouse infected by' the mosquitoes o 
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Group 11 exhibited specific lesions of Rift Valley fever The incubation periods 
m this trans mis sion were extrinsic, 19 days , intrinsic, 5 days 

Lamb 6, bitten by mosquitoes of Lot 1 1 on June 24 (Transmission 4), remained 
afebrile and appeared well until the afternoon of June 26, when its temperature 
was shghtly elevated and it seemed listless The temperature was farther 
elevated the next day (Fig 1), and did not return to normal until June 29th 
Tests m mice of serum taken from Lamb 6 showed that virus was present in its 
blood on June 26, 27, and 28, but not on other days Quantitative tests were 
done on June 27 and 28, and titres of virus m the serum were 1 m 16,800 and 
1 m 372 respectively The liver of a mouse ill as result of inoculation with the 
serum of Lamb 6 taken on June 26 was used (as virus) in a Rift Valley fever 
protection test Five of 6 mice receiving the suspension of this hver mixed with 
noimal serum succumbed on the 2nd and 3rd days, while 6 of 6 receiving the 
liver suspension mixed with Rift Valley fever immune' serum remained well , 
one mouse receiving the normal serum mixture survived, and one receiving the 
immune serum mixture died This test showed that the infective agent m the 
serum of Lamb 6 was Rift Valley fever virus 

Further proof of the transmission was the observation that Lamb 6 developed 
protective antibody against Rift Valley fever virus as a result of the experiment 
(Table III) The incubation periods m this instance were extrmsic, 20 days , 
intrinsic, 3 days 

Lots of E chrysogaster with which no transmission was effected — Thirteen E 
chrysogaster group mosquitoes, Lot 3, received infective feeds from mice Two 
of them (Table I) probed a normal mouse on the 10th day but got no blood , 
another bit a normal mouse on the 24th day, and one bit a lamb on the 13th day 
No transmission occurred Ten of the mosquitoes were tested mdividually 
for virus 13 to 25 days after then infective feeds Six of these were positive, 
4 on the 26th day out of 6 tested that day In the light of other findings, the 
only opportunity for transmission with this lot was m the case of the mouse 
bitten on the 24tli day, and we cannot be certain that the mosquito which bit 
that mouse contained virus 

Three other lots of E chrysogaster group were included m the experiments 
All the mosquitoes in 2 of the lots were dead by the 15th day, none having bitten 
normal animals after the 5th day , none of the third lot bit normal animals 
after the 18th day No transmissions occurred The 30 mosquitoes of the 3rd 
lot (Lot 12) received their infective feeds from Lamb 3, but after the peak of 
cn culatmg virus m the animal was past, and when the titre of virus m its serum was 
1 in 09, representing onty 1152 effective (for mice) units of virus per ml of serum 
Each of the 30 insects in this lot was tested mdividually for virus Only 6 of 
the 30 tests were positive, m sharp contrast with the results obtained with 
Lot 11, which fed on the same lamb at a tune when the serum of the animal 
contained 567 800 LD 50 of virus per ml of serum, and m which 33 of 42 mosquitoes 
tested were found to have retamed the virus Thus the causes of failures in 
transmission w ere probably the following (1) failure of the insects to bite normal 
animals aftei an appropriate extrinsic mcubation period, and (2) low levels of 
virus m the serum of the animals which were used to infect the mosquitoes 

Table 4 show s the consolidated data on all the lots of the E chrysogaster 
group, and of other species of mosquitoes tested, and includes the results of tests 
for virus by inoculation as well as results of the successful and unsuccessful 
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Table IV — Summary of Tests for Virus by Inoculation, and of Attempts to 
Transmit Rift Valley Fever Virus with 4 Species of Mosquitoes 


Species of mosquitoes 

Aedes 

aegypti 

Eretmapodites 

chrysogaster 

group 

Taeniorhynchus 

fuscopennatus 

Taeniorhynchus 

umformis 

Number of lots 


4 

7 

12 

3 

Number of mosquitoes 


58 

177 

644 

79 

Tests for virus by _j 

f Number* 

49(49) 

121(122) 

263(348) 

15(15) 

inoculation mto mice 

I^Positrs e 

G 

78f 

40 

6 

Latest test for virus, day 


37 

37 

38 

14 

Latest positive test for virus, day 

26 

31 

29 

13 

Survival after infective 
feed, days 

f Minimum 
Maximum 

1 

36 

1 

36 

1 

37 

1 

13 

(Mean 

15 Z% 

14 4^ 

7 4 

5 2 

Mosquitoes alive 20th 

[Number 

25 

52 

34 

0 

day 1 

^Per cent 

43 1 

29 4 

5 3 

0 

Last bitmg, day 


34 

31 

34 

0 

Number of mosquitoes J 

r All lots 

63 

18 

77 

0 

biting after 19th day | 

[^Better lots 

3 

18 

34 

0 

Successful transmissions 


0 

4 

0 

0 

Incubation period, J 

"Extrinsic 


19,20 



days \ 

Intrinsic 


3—5 



Lots failing to show virus|| 


2/32 

0/- 

3/75 

2 lots not 


tested 


* Figures in parentheses are numbers of mosquitoes included m the tests 

■j - 24 of 30 m one lot were negativo Excluding these, the number retaining virus was 72 out 
of 91 The one poor lot was infected on a lamb after the peak of circulating virus was passed 
| 7 mosquitoes were sacrificed on the 29th day, thus reducmg the mean 

§ 19 mosquitoes wore sacrificed 20 and 24 days after the infective feeds, thus reducmg the mean 
|| Numerator shows the number of lots, the denominator the number of mosquitoes tested in 
these lots 

attempts to transmit by bite It will be noted that the E chrysogaster group 
mosquitoes retain the virus much better than other species, and that they alone 
were successful m transmitting it 

Experiments with other species 

Transmission experiments with 4 lots of Aedes aegypti, 12 lots of 
Taeniorhynchus fuscopennalus, and 3 lots of Taeniorhynchus unifornus which 
had taken blood from infected mice, were unsuccessful Three of the 4 lots of 
A aegypti tested may be dismissed from consideration, as they evidently got 
little or no virus with their infective feeds Five of the S mosquitoes tested in 
the remaining lot (Lot 5) contained virus, but normal mice bitten by insects of 
this lot on the 5th, 7th and 12th da} 7 s after their infective feeds, and a normal 
lamb bitten on the 10th, 14th, ISth, 21st and 24th days (Table I), did not become 
infected The mosquitoes usually fed avidly on either the mouse or the lamb 
offered Their failure to transmit to mice could have been due to the fact that 
insufficient time had elapsed between the infecting feed and the latest attempt 
to transmit This was piobably not the case with the lamb, however, as this 
animal was bitten as late as the 24th day after the mosquitoes fed, and the tests 
for vnus m the insects of this lot showed that the lamb was bitten on even- 
occasion by 1 or more mosquitoes which were proved to contain virus From 
this evidence we conclude that Aedes aegypti, if it can transmit Rut \ alley lever 
at all, is a very poor vector 

Only 2 of 12 lots of T fuscopennaius which fed on infected mice could be 
regarded as suitable for tiansnnssion experiments The other 10 lots either 
succumbed en masse before transmission could have been expected to occur, or 
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the tests by inoculation failed to show more than a very small percentage of 
the mosquitoes to have retamed the virus Even the remaining two lots could 
not be considered good, as only 16 of 71 tests for virus m Lot 16 and 10 of 98 
m Lot 17 were positive Although mosquitoes of these 2 lots bit normal mice 
on 6 occasions up to the 18th day after their infective feed, they failed to transmit 
the virus, possibly because of an inadequate period of incubation The 6 bitmgs 
of a normal lamb by Lot 16 (Table I) were all by the same mosqmto, which con- 
tained no vims when it was found dead on the 38th day A test for virus m a 
mosqmto of Lot 17 found dead on the 29th day was positive, so that there was 
at least one infected insect m the lot each time the mosquitoes bit the lamb 
up to and including the 27th day Whether or not the lamb was ever bitten 
by a mosqmto containing virus cannot be stated The mosquitoes that bit 
the lamb on the 29th and 31st days gave negative results in tests for virus 

No tests for the presence of virus were made m 2 of the 3 lots of T umformis 
which had fed on infected mice, and no mosquitoes of these 2 lots bit normal 
animals during the maximum period of 12 days that any of them hved None 
of the mosquitoes of the other lot were exposed to a lamb, and none could be 
induced to take blood agam from a mouse All were dead by the 14th day 
Fifteen mosquitoes of this lot were tested mdividually for virus as they died, 
and it was found to be present in 6 of these (Table IV) The longest period 
of demonstrated retention of the virus was 13 days 

Susceptibility tests on animals used m unsuccessful transmission 

Experiments — The lambs employed in unsuccessful attempts at transmission 
were tested for susceptibility at the end of the experiments, either by inoculation 
with' fully virulent pantropic virus or by serum protection tests None was 
immune All the nnce bitten by mosquitoes, other than the 2 previously 
mentioned as having been infected, were given intraperitoneal test moculations 
of virus at the end of the experiment All were shown to be fully susceptible 
It is therefore known that the 4 transmissions which we have described were 
the only ones that occurred 

Multiplication of virus in mosquitoes 

No tests were done with the express purpose of determining whether Rift 
\ atk"\ fever virus multiplies m any of the species of mosquitoes mcluded m our 
expci mients Nevertheless, the tabulation of the results of inoculation tests 
v ith mosquitoes of the most satisfactory lots of each species, by intervals between 
mfectu e feed and test for virus, gave information on this point which may be 
significant (Table V) It was seen that a high percentage of mosquitoes of the 
E chrysogastcr group harboured virus throughout the experiments This does 
not prove that the virus multiplies m the group , but if it does not multiply, 
it must be exceedingly well maintained That it actually does multiply in these 
mosquitoes is suggested by their ability to transmit the virus, but only after an 
extrinsic incubation period of 19 or 20 days , 

Among the mosquitoes of the 2 species of Taemorhynchus, on the other hand, 
the percentage containing virus was highest m the first 10 days after the infective 
feeds and then declined This seems to indicate that, although a small proportion 
of TacmorJnjnchvs mav maintain the virus for several weeks, in most mosquitoes 
of the species tested the virus slowly dies off in the insect without multiplying 
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Table V — Summary of Results of Tests for Virus m Better Lots of Each Species 
of Mosquitoes by Intervals of 10 Days after Infective Feeds 


Interv al between 
Infecth e feed 
and test 
(days) 

1-10 
11-20 
21-30 
Over 30 


A aegypti, Lot 5 


Tested Positive 
2 1 

1 1 

5 3 

0 


E chrytogasler group, 
Lots 1, 8, 7 and 11 

A 

T fuseopennatus, 
Lots 15 and 17 

- A . 

T timfornm, 
Lot 19 

Tested. 

Positiv e 

Tested 

\ 

Positive 

Tested 

Positive 

22 

16 

117 

22— If 

11 

6 

36 

31 

39 

2 

4 

1 

29 

21-1* 

11 

1 

0 


1 

1 

3 

0 

0 



* 21 individual mosquitoes and 1 pool of 2 were positive, so that 22 or 23 contamed virus 
t 22 individual mosquitoes and 1 pool of 2 were positrv e so that 23 or 24 contained vims 


The Taeniorliynchus mosquitoes used m these experiments took their initial 
(infective) feeds well Only mosquitoes which showed no visible blood were 
exposed to infected animals The immobilized mouse could then be left in the 
Barraud cage unattended, and the mosquitoes which had taken blood could be 
easily identified when inspected a few hours later A high percentage of those 
exposed to infected animals obtained blood within a few hours However, it 
was only with difficulty and the exercise of considerable patience that many of 
them could be mduced to take blood again for a transmitting feed Moreover, 
the mosquitoes of this genus did not thrive well m captivity (Table IV), and it 
was difficult to keep them ahve long enough to carry out the necessary procedures 
Whether these mosquitoes are short hved m nature, or are ill suited to the 
environment of the laboratory, is unknown, but it seems possible that their 
aversion to repeated blood meals is a characteristic of the genus 

The A aegypti tested were too few in number to permit conclusions with 
regard to multiplication of the virus m this species 

Entomological note on the E chrysogaster group m the Kitinda area 

The Eretmapodites chrysogaster Graham group mosquitoes used in the 
transmission experiments were wild females caught m lake-side forest at Kitinda, 
about 2 miles west of Entebbe The E chrysogaster group as defined by 
Edwards (1941) contains 5 species , no wholly 'reliable characters are known by 
Which the females of the group may be separated one from another Eor the 
determination of the actual species used it was, therefore, essential to examine 
males derived from the same locality Of 40 wild males collected there between 
December 11, 1947 and January 17, 1948, 37 were E chrysogaster Graham and 
3 were E intermedins Edwards It was considered possible, however, that wild 
females caught bitmg m the same locality might be of different species, so females 
were collected for egg-laying m order that males might be bred from them for 
examination They were repeatedly offered blood meals m the laboratory 
Those which fed were kept at about 24° C for 48 hours in Barraud cages covered 
with damp oloths, and were allowed access to 5 per cent glucose solution They 
weie then isolated individually m glass tubes (15 x S5 mm ) lined with moist 
filter-paper and plugged with cotton The tubes were stored at 30° C until 
eggs were laid or the females died Batches of eggs laid by individual females 
weie hatched separately , the larvae were mainly fed with appropriate m c tar 
larvae of Aedes ( S ) aegypti from a stock culture Eretmapodites males hatching 
from these cultures were then examined to determine the identitv of the oiigma 
female which laid the eggs In all, 60S females were collected betw een November 
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10, 1947 and January 19, 1948, and of these, 139 laid eggs However, a con- 
siderable proportion of these egg batches failed to hatch, and only 48 were 
successfully reared through to yield adult males for examination , l e , of the 
original 608 females, only 48, or 7 9 per cent, were identified by the male 
characters of their progeny However, all these 48 were found to be E chryso- 
gastei Although the proportion definitely identified is small, the fact that all 
were E ch ysogaster, taken together with the great preponderance of this species 
among the wild males, indicates that the Eretmapodites chrysogaster group 
population at Kitinda is composed almost entirely of Eretmapodites chrysogastei 
Graham itself, with only a ktnall component of Eretmapodites intermedins 
Edwards 

We are indebted to Mrs E C C van Someren for the determination of all but 
18 of the terminalia examined , the remaining 18 have been identified by com- 
parison with the material determined by her, and were all E chrysogaster 

DISCUSSION 

The circumstances of the outbreaks of Rift Valley fever affecting humans 
and domestic animals on farms in Kenya (Daubney and Hudson, 1931, 1933), 
and those of the outbreak in the Semliki Forest in Bwamba County, Uganda 
(Smithbum, Haddow and Gillett, 1948), were sufficiently different to indicate 
that the vector msects probably were not the same The country concerned 
m Kenya is open table land at an altitude of about 5000 feet, whereas the 
affected locality m Uganda is uninhabited virgin forest at an altitude of about 
2500 feet Daubney and Hudson (1933) found that the protection of susceptible 
animals fiom mosqiuto bites during the hours of darkness alone sufficed for 
almost complete prevention of the infection, and tins was strong evidence m 
favoui of a mglit-bitmg vector On the other hand, all the mosquitoes from 
winch virus w as isolated in the Semliki Eorest outbreak were taken on human 
baits during the hours of daylight Furthermore, the mosquitoes here incrimi- 
nated as the probable vectors in that outbreak, the Eretmapodites chrysogaster 
group, are, in Uganda, day-biting msects which are not commonly taken m 
night catches Finally, it seems most improbable that this sylvan mosquito 
could piopagate in the open country where the Kenya epidemics occurred 
The aforementioned facts, plus the apparent demonstration of virus m wild- 
caught Taemorhynchus fuscopennatus in Kenya (Daubney and Hudson, 1933), 
caused us to become interested m the genus Taemorhynchus, most, if not all, of 
the membeis of w Inch are night-bitmg mosquitoes In the original paper of 
Daubncv and Hudson (1931) this mosquito was called Taemorhynchus brevipalpis, 
■while m a subsequent communication (1933) it was designated Mansoma fasco- - 
pamata Throughout the present paper we have used the terminology of 
Edvards (1941) The 2 species studied here, T fuscopennatus and T umformis, 
have not \ et been ruled out as possible vectors owing to the difficulty encountered 
m keeping them alive and m inducing them to take blood at any time after the 
first (infecting) feed Nevertheless, the tests for virus in mosquitoes of these 
2 species showed a Ion percentage infected, and an apparent decline m the 
percentage containing vims with increasing passage of time after the infecting 
feed Neither T fuscopennatus nor T umformis has, to our knowledge, ever 
been incriminated as the vector of any disease However, another member of 
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this genus, Taeniorhynchus ( Mafisomoides ) ajntanus Theo , has been shown to 
be capable of transmitting yellow fever (Philip, 1930), and this or some other 
as yet untested species of the genus may be capable of transmitting Rift Valley 
fever 

The occurrence of Rift Valley fever m the Semliki Forest, doubtless involving 
as host(s) some species of wild animal, the isolation of the causative virus from 
sylvan mosquitoes, and the subsequent experimental transmission of the disease 
by insects of one of the species from winch the virus was isolated, not only places 
Rift Valley fever among the diseases which can be transmitted by msects, but 
associates it as well with the increasing group of diseases having cycles of infection 
which do not include man or domestic animals 

Wlnle the experiments here reported do not incriminate a single species of 
mosquito as a vector of Rift Valley fever virus, they do show that at least one 
of the E chrysogaster group can transmit it The mosquitoes of this group 
are so closely related and so alike m their habits that it seems possible that the 
whole group may possess vector potentialities 


SUMMARY 

Rift Valley fever virus was transmitted experimentally from mouse to lamb, 
from mouse to mouse, from lamb to lamb, and from lamb to mouse by the bites 
of mosquitoes of the Eretmapodites chrysogaster group The success of these 
experiments indicates that these mosquitoes, which were included in the 
Eretmapodites spp from which the virus had previously been isolated, were 
probably responsible for the transmission of the virus m the Semliki Forest m 
1944 The period of incubation in the E chrysogaster group was 19 or 20 days 
at 30° C 

Attempts to transmit the virus with Aedes aegypti and with 2 species of the 
genus Taeniorhynchus were unsuccessful It seems probable that the former 
cannot transmit this virus, but the experiments with Taeniorhynclms were incon- 
clusive owmg to technical difficulties The virus may survive for a number 
of days m these mosquitoes, and it is possible that one or another species of this 
genus can serve as a vector 

The results seem to place Rift Valley fever definitely m the group of msect- 
bome virus diseases 

This Institute is financed by means of grants made by The Rockefeller Founda- 
tion and by the Secretary of State for the Colomes under the Colonial Develop- 
ment and Welfare Acts, and by contributions from the Governments of Uganda, 
Kenya, Tanganyika, Northern Rhodesia, Nyasaland and Zanzibar 
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The ongmal object of our investigation was the study of any fluctuations of 
serum antibody level which might occur m individuals during inter-epidemic 
periods The scale of the intended survey and the necessity for detecting 
relative^ small antibody variations determined the choice of the haemagglutma- 
tion test for our purpose It was recognized that this test is complicated bv 
variables pertaining to influenza viruses, chicken red blood cells and serum 
constituents other than specific antibodies, but the claims of previous woikers 
and the precision of measurement attainable by means of a photo-electric 
densitometer encouraged the hope that variables might be sufficientlv con- 
trollable to allow reasonably accurate antibody assays The end in view has 
not yet been achieved, but unsuspected factors have been brought to light which 
may have an important bearing in work based upon the haemagglutination 
leaction 


MATERIALS AMD METHODS 

Haemagglutination tests 

The tecluuque employed was essentially that of Hirst and Pickels (1942) m 
v Inch the degree of fowl red cell agglutination occurring m test mixtures is 
measured bv the amount of light transmitted through the mixtures from a hght 
source of constant mtensity on to a photo-eleetnc cell Instead of a nncro- 
ammetei we used a sensitive mirror-galvanometer with scale readings from 
0 to 100 and the light intensity was standardized at the beginning of each test 
n o that 50 per cent of the test mixture concentration gave a galvanometer reading 
of exact h 50 Thus the reading 50 invariably corresponds to 50 per cent 
haemagglutination which has been adopted as the end-point m all titrations 
Provided that galvanometer rea din gs above and below 50 are obtamed deter- 
mination of the virus or serum dilution corresponding to this end-point is a 
mattei of simple calculation Titres are expressed throughout as the reciprocals 
of such dilutions 

For all serum titrations a standard dose of 4 agglutinating doses (4 AD) of 
virus v as emploi ed To obtam this dose all virus preparations to be used m a 
test were titrated immediatelv prior to the test Such pre limin ary titration is 
absoluteh essential because of the vanabihtv of red blood cells of drffeient fowls 
(btuart-Hams 1943 Stuart-Harns and Miller, 1947) and the rapid decline of 
‘■ensitnitv of red blood cells during storage (Miller and Stanley, 1944) both 
of which phenomena we have amply confirmed Moreover, the responses to 
heat treatment of different batches of a virus or even of the fluids from different 
egg* of the same batch may be far from uniform 
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V iruses 

Influenza viruses A (PR8 strain), B (Lee strain) and Swine (Sliope strain 15) 
were maintained by senal egg passage using the allantoic route of inoculation 
At the beginning of the investigation batches of each of the viruses were laid 
down in cold storage (— 20° C ) to serve as reference standards , in each case 
pooled allantoic fluid virus was distributed m convenient quantities m sealed 
ampoules These stored preparations are referred to as “ stock ” viruses 
‘ Fresh ” virus preparations were also used , -they consisted of allantoic fluid 
harvested usually within 24 hours of the test, but sometimes a few days previously, 
and kept at approximately 4° C Gioss particles were removed from virus 
fluids by centrifugation 

Sera 

Immune horse sera to each of the viruses weie distubuted in sealed ampoules 
and kept at — 20° C as “ stock ’ sera The A and B seia weie reconstituted 
from freeze dried preparations kindly supphed by Dr C H Andrewes , the 
Shope serum was from a horse immunized m 1934 and stored smce that time at 
approximately 4° C 

Human sera were obtained from volunteers If not required fresh they weie 
inactivated in sealed ampoules at 56° C for 30 mm and stored at — 20° C 
without addition of any preservative 

Relevant details m respect of sera of other species aie given m the text and 
protocols 

Cholera enzyme 

A potent enzyme preparation was obtained from agai cultuies of V cholerae 
by the method of Burnet and Stone (1947), and was purified by adsorption on, 
and elution from, human red blood corpuscles Crude filtrates were quite 
unsuitable for our purpose because of their high content of protemase, which 
caused destruction of specific serum antibodies The led blood cell eluate, 
however, showed no proteinase activity by the azocoll test (Oakley, Warrack and 
van Heynmgen, 1946), although about two-thirds of the original receptoi 
destroying enzyme (R D E ) activity was retamed The eluate was distributed 
m ampoules m 0 5 ml quantities and freeze dried 


EXPERIMENTAL 

1 Virus Degi adation as a Factoi in Serum Antibody Titration 
Instability of virus at — 20° C 

Both the mfectivity and the haemagglutmatmg activity of influenza viruses 
decline rapidly at room temperatures and more slowly at 4° C , but oui reference 
stocks had been laid down on the assumption that a irus kept in the frozen state 
at — 20° C would remam stable Certain unexpected results obtamed with the 
stock viruses led to a number of comparative titrations which are summarized 
m Table I All tests at a stated period of storage were done m parallel with the 
same red cell suspension, so that titres m each vertical column of the table .ire 
comparable whereas differences along horizontal rows are of cour-e without 
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any significance It is evident that freezing and storage at — 20° C result in 
appreciable degradation of the PRS virus, some of which occurs during the 
actual freezing piocess Millei and Stanley (1944) found that virus remained 
stable for several months at 4° C , more stable m fact than when kept at — 70° C 
We have been unable to confirm this, for m oui experience steady degradation 
has always occurred at 4° C , and some experiments recorded later piovide 
evidence that the change is not only a question of reduction of haemagglutmation 
activity but also of qualitative behaviour It is probable that such discrepancies 
aie due both to strain differences and to differences m physical states of the 
virus-containing fluids 


Table I — Instability of Influenza Virus PRS at — 20° C 

Temperature 0 C of Haemagglutmation titres after various periods of storage 


Freezing 

Storage 

30 mm 

15 days 

32 days 

32 days * 

9 months 

—76 

—76 

561 

320 



364 

—76 

—20 



160 

281 


—20 

-20 

444 

160 

134 

101 

269 


4 

501 

403 

160 

222 

180 


R T 493 


* Glyeennated virus 

Heat inactivation of virus 

Francis (1947) showed that many sera contain a substance which inhibits 
haemagglutmation by lulled influenza B viruses but not when living virus is 
used Thus, the apparent antibody titre of a serum may be much higher against 
lulled virus than agamst living virus — an effect which we refer to as the Francis 
phenomenon oi Francis effect It is now generally accepted that the phenomenon 
is due to a heat -labile virus enzyme which destroys red cell receptors and which 
aho rapidly destroys the Francis inhibitor In early work with the PR8 influenza 
virus v>e encoimteied the same phenomenon Whilst it is probable that the 
Francis mhibitoi substance is effective against A viruses as well as agamst B 
\iruses, there is, as jet, no proof of this and, as will be shown later, sera differ 
qualitativelv m respect of their inhibitory properties, indicating the existence of 
several inhibitors' substances of the Francis type All the substances m sera 
effective against lulled PRS virus are therefore referred to as “alpha inhibitor,” 
with full recognition of the likelihood that future work will lead to their separa- 
tion and characterization 

Because of the presence of such non-specific mhibitory substances m many 
sera, an analysis of the factors concerned m antibody titration demands the use 
of “ inactivated ’ viruses capable of revealing their presence Inactivation has 
usuallv been by heatmg at 56° C for 30 mm but occasionally additional short 
treatment at G0° C has been used Different virus strains have different degrees 
of susceptibility to heat (Salk, 194G), and the necessary destruction of virus 
en?j me may sometimes be achieved without any reduction of haemagglutmm 
activity (Bnodv, 194S) In the present study, however, the viruses employed 
hat e invariably suffered a large reduction of haemagglutmation titre on heatmg 
to 56° C for 30 mm , indeed the Shope virus has always been completely m- 
actnated by such treatment 
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PR8 yiras lias shown a striking variability in behaviour from one experiment 
to another, so that the degree of haemagglutmm reduction was never predictable , 
it appeared to depend not only upon the initial titre of the untreated virus, but 
also upon the age of the virus preparation smce harvesting and possibly the 
sensitivity of the red blood cell suspension employed Thus, stock virus usually 
suffered a 50 to 75 per cent reduction, whilst freshly harvested allantoic fluids 
often suffered less than 25 per cent These points are illustrated in Table II 


Table II — The Effect of Heat Treatment, 56° C for 30 mm , on Virus 

Haemagglutmation Activity 

Haem titres 


Virus 

Untreated 

A 

Heated 

% Decrease 

PR8 

88 

34 

61 

3 3 

131 

38 

71 

3) 

160 

40 

75 

33 

400 

148 

63 

33 

184 

56 

70 

33 

160 

80 

50 

33 

92 

63 

32 

33 

90 

81 

10 

33 

84 

54 

36 

33 

435 

218 

50 

33 

226 

135 

40 

33 

123 

55 

55 

Lee B 

125 

53 

58 

33 

188 

124 

34 

’3 

160 

110 

31 

33 

180 

106 

41 

33 

142 

88 

38 

33 

80 

70 

12 

Shope 

114 

0 

100 

33 

217 

0 

100 

33 

213 

0 

100 


More important than this variability of haemagglutmm leduction is the 
possibility that the heat treatment may occasionally fail to inactivate completely 
the /virus enzyme which destroys alpha inhibitor, so that the presence of the 
inhibitor m a serum is masked The temperature and time of inactivation 
employed, namely 56° C for 30 mm , have been generally accepted as entirely 
sufficient for the purpose and Bnody (1948) found that a still lower temperature 
sufficed, but doubt arose when a human serum showed no Francis effect on one 
day, but did so to a high degree when retested a few days later with older virus 
from an earlier egg passage To settle the matter the serum vas then tilrated 
against the two virus fluids at the same time and with the same reagents The 
previous lesults were confirmed, although the “ fresh ” virus was at the tune of 
test already 4 days old The experiments are summarized m Table III 

The titration of the standard PRS serum against living and heated I Kb 
virus consistently failed to shov the Francis phenomenon This nas not Mir- 
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Table III 


— The Effect of Diffeient Batches of Fir us upon the Results 
of Serum Titiations 


Titres of human 


E\pt 

No 

Datt 

Virus batch 

Titres of \ irus 

serum “ MS 
4 AD’b 

” against 
of 


Untreated 

Heated 

Untreated 

Heated 






virus 

i irus 

1 

2 

3 

18/vr/4s 

21 /vl/48 

22/w '48 

PR8/AL44 
PR8/AL 42 
(PRS/AL 44 
IPRS/AL 42 

726 

190 

433 

186 

415 

98 

380 

127 

65 

60 

56 

70 

69 

435 

77 

>1280 


pnsing, foi some sera aie devoid of the non-specific inhibitor substance Repeated 
tests, however, with these stock reagents brought to light a phenomenon exactly 
the reverse of that of Francis, namely, that some sera exhibit a lower titre of 
haemagglutmation inhibition against heated virus than against fresh living 
virus, especially if the latter is of high titre With PRS standard serum the 
differences were never large, but the consistency of the results of very many 
experiments indicated significance 

A similar difference was obtained m each case with a number of immune 
ferret sera With one of them (F 324, Table IV) a four-fold difference of anti- 
bod} r content was apparent according to whether untreated or heated virus 
v as employed for the titration On the other hand, a fresh normal ferret serum, 
1101 mal rabbit seia, and all fresh human sera tested have given pronounced 
Francis effects 


Table IV — Effect of Virus Degiadation upon Seium Antibody Titres 


Serum titres with 4 AD s 


Si nuu 

of PR 8 virus 

Per cent 
decrease 

32 

PR 8 stock 

Untreated 

370 

Heat killed 

253 


403 

238 

41 


372 

236 

36 


280 

235 

16 

Immune Fenet 255 

1920 

1285 

33 

319 

2358 

1600 

32 

, 320 

2751 

1600 

42 

321 

>3200 

2436 

>24 

322 

2540 

1942 

24 

323 

>3200 

2580 

>19 

324 

2540 

580 

77 


This reduction of apparent antibody titre may be due partly to the increased 
bulk of virus protein contained in the 4 agglutinating doses of virus used, for 
the reduced haemagglutinin titre of heated virus necessitates the employment of 
larger quantities of virus fluid than m the case of untreated virus of high titre 
If virus bulk is mdeed a factor of importance the proportions of living and dead 
vnus m any preparation used for a serum antibody titration will affect the result, 
no matter lion earefulh the preliminarv titiation of the virus for the estimation 
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of 4 agglutinating doses lias been earned out Tins is supported by the result* 
of serum titrations in parallel against mixtures of varying proportions of un- 
treated and heated virus As the proportion of heated virus is increased the 
serum titre steadily declines until not enough living virus is incorporated in the 
mixture to supply a critical dose of inhibitor-destroying enzyme At tins pomt 
sera containing alpha inhibitor show a sudden rise of titre, while those devoid of 
inhibitor show still further decline 

The behaviour of the ferret sera, shown m Table IV, however, indicates that 
virus bulk cannot be the only factor concerned, because of two sera tested at 
the same time and with identical titres agamst living virus, one of them (If 324) 
shows over 75 per cent reduction, the other (F 322) less than 25 per cent Thus 
the difficulty cannot be resolved by estimating serum antibodies in terms of the 
ratio of activity between the test serum and a standard serum The latios of 
the feiret sera in question would obviously depend upon whether untreated or 
heated virus were employed, and possibly, m the former case, upon the propoi - 
tions of living and dead virus present Winch of the ratios would be more nearlv 
indicative of the true m vivo virus neutralizing power it is impossible to sai 
without further mformation from extensive correlation studies 

2 Haemagglutinm-mhibitory Substances of Nonna 1 Sera 
Species differences 

The investigations reported above raised the suspicion that inhibitory sub- 
stances of the Francis type m sera might affect results of antibody titrations 
even if fully active living virus were used , also that such substances might play 
some part m host resistance agamst natural infections with viruses of the 
influenza group Investigations of “ normal ” human sera are complicated by 
the fact- that, in addition to non-specific inhibitory substances, most of them 
contam specific virus-neutralizing antibodies which are believed to reflect previous 
influenza infections, either overt or sub-climcal The sera of several othei 
animal species were therefore examined All were tested agamst both A and B 
influenza viruses, living and heat killed , m addition some were tested agamst 
swine influenza virus, but in this case only living virus could be used because of 
the complete destruction of its haemagglutinins b} r heating at 56° C for 30 
minutes (Table II) Representative tests are recorded m Table V 

Table V — Inhibition of Virus Haem agglutination by Normal Sera of 

Various Species 

Serum titres with 4 AD’s of \ iruses 

Serum , * 


Guinea -pig 

PR8 living 

PR8 killed 

Lee B living 

Lee B killed 

Swine li\ mg 

147 

267 

241 

926 

<40 

Rabbit 

32 

236 

61 

370 

<20 

Mouse 

70 

46 

83 

83 

<20 

Rat 

28 

40 




Fenet 

50 

92 

30 

10S3 


Horse 

0 

380 

0 

320 


Sheep 

64 

2S7 

72 

102-1 

A 12 

Chicken 

60 

202 

20 

5S7 

21 

Blnice 

20 

640 

25 

>1280 

<2o 
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Only smgle samples of sheep, clncken and plaice sera were available, but 
with the other species listed several individual sera were tested, all of which 
behaved like the lepresentative recorded m the table It is clear that most 
species possess inhibitory serum constituents of the Francis type, effective 
against both A and B influenza viruses Differences in the magnitudes of the 
Francis effects obtained m different experiments are entirely without significance, 
for this largely depends upon the particular batch of virus used , mdeed, with 
freshly harvested virus of high titre, the effect may be abohshed altogether 
(cf Table III) The absence of the phenomenon m the cases of mouse and rat, 
however, is almost certainly due to a true lack of this particular type of 
inhibitory substance , sera of these species never show the effect, even when 
tested against virus batches particularly suitable for the purpose The obvious 
inference is that other inhi bitory substances of different type exist This is also 
indicated by the fact that the sera of most species possess appreciable inhibitory 
power against living viruses of both types A and B , in curious contrast is the 
lack of similar activity against Swine influenza virus 

Amongst the species so far investigated the guinea-pig appears to occupy a 
unique position Every guinea-pig serum tested has given remarkably high 
titres against living viruses, titres mdeed of the same order as those given by 
adult human sera which contain specific antibodies This led us to test three 
guinea-pig sera for virus neutralizing antibodies in mouse neutralization tests m 
parallel with sera of other species The usual method of titrating serial dilutions 
of serum agamst a constant amount of virus containing many lethal doses cannot 
be expected to reveal small amounts of antibody , we therefore tested various 
dilutions of virus filtrate mixed with equal quantities of serum The experiments 
are summarized m Table VI All three guinea-pig sera showed evidence of 
considerable virus neutralizing power , one of them neutrahzed over a thousand 
minimal infective doses of virus In Experiment 3 a sample of the guinea-pig 
serum inactivated by heating at 56° C for 30 mm was also tested The heat 
tieatment caused almost complete abohtion of neutralizing power, a result 
directly contrary to w hat was expected in view of the effect of inactivation upon 
haemagglutmation inhibition described below One obvious possibility is that 
complement may be requued for the m vivo neutralization, although, so far as is 
known, complement does not participate m the neutralization of viruses by their 
specific antibodies This aspect of the work is under further investigation, and 
v ill be moie fulh leported m a subsequent paper 

Effect of heat mactnation of sera 

It is customan to inactivate by heat treatment all sera intended for antibody 
titiation The ongmal purpose of this was, of course, destruction of complement 
v Inch Avould obscure results of complement-fixation tests , m addition it provides 
some safeguard agamst bacterial contammation The possible effects of such 
heat treatment upon the anti-haemagglutination titres of immune sera appear 
to hai e been overlooked w lnlst m the case of normal sera published reports are 
directly contradictory (McCrea, 194G , Hirst, 1948) This is not surprising m 
view of the complexity of the factors involved The experiments summarized 
m Table VII confirm the existence of quantitative differences m respect of alpha 
inhibitor between various animal species, but they also reveal qualitative 
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differences In tests against living virus the effect of heat inactivation of the 
sera of all species is to reduce tlieir inhibitory power Tests against killed virus, 
however, separate the species into distinct categories Some, like mouse, yield 
sera which always suffer leduction of titre on heat inactivation others, like 
rabbit, have sera which may show either reduction or slight increase of doubtful 
significance, whilst guinea-pig sera mvanably show a large increase which may 
amount to as much as a tenfold rise This peculiar property of guinea-pig sera 
cannot be due merely to an exceptionally high content of alpha inhibitor because 
rabbit sera containing just as much may show the contrary effect 


Table VII — Heat Inactivation, 56° G for 30 min of Normal Sera of 

Different Species 


4 AT) s living PUS virus with — 4 AD’s killed PR8 virus with — 


Serum 

Fresh serum 

Heated serum 

Fresh serum 

Heated serum 

Gumea-pig 1 

178 

213 

470 

5120 

„ 2 

172 

121 

1280 

3482 

„ 3 

286 

181 

806 

5120 

Mouse 1 

59 

0 

42 

0 

9 

5 

76 

0 

46 

0 

, 3 

>128 

41 

111 

18 

Rabbit 1 

32 

20 

236 

177 

9 

5 ? — 

67 

32 

415 

237 

, 3 

54 

34 

1350 

1670 

4 

64 

45 

1561 

1881 

Ferret 

50 

48 

92 

119 


The effect of heat inactivation upon adult human sera is quite unpredictable 
As with other species it always results in reduction of titre against living virus, 
but against killed virus there may be reduction, increase or no significant change 
Samples obtamed from an individual donor at different times usually all show 
the same tvpe of effect, but this is not mvanably the case There is also some 
e\ idence that the demonstration of increased activity on heat treatment is partly 
dependent upon the degree of susceptibility to virus agglutination of the cluck 
cells emploved in the test A full explanation of these pecuhanties of human 
sera has not been found but it seems probable that they depend upon the relative 
concentrations of specific antibodies and non-specific inhibitor substances 
Whilst m the absence of further antigenic stimuli the concentration of specific 
influenza antibodies m a person s serum remains fairly constant over a long 
penod the concentration of other haemagglutination inhi bitor substances may 
undergo considerable fluctuations 

Fluctuations of scrum inhibitor substances in human volunteers 

During the period October 1947, to May, 1948, 21 volunteers, chiefly medical 
students, were bled at intervals of one to two months From each sample the 
serum nas separated mactivated by heating at 56° C for 30 mm in a sealed 
ampoule and stored at — 20° C until required for test All the samples from 
each individual were tested m parallel at one and the same time against both 
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living and heat-killed PR.8 virus Most of the volunteeis gave foui samples, 
but some gave only two or three The results of all the tests are tabulated in 
Table VIII A surprising degree of fluctuation is shown by most of the sets of 
sera As was to be expected, the serum changes are best revealed by tests 
against killed virus, for they probably consist chiefly of fluctuations m concentra- 
tion of alpha inhibitor Titre differences up to 30 per cent may be due to the 
experimental error of the test and are without any significance, but no less than 
16 of the 21 volunteers yielded sets of sera giving over 50 per cent differences, 
and 11 sets show over 100 per cent differences Still more surprising is the 
fact that 9 sets of sera show over 50 per cent differences m the tests against 
livmg virus None of the volunteers suffered any illness resembling influenza 
during the sampling period, so that there appears to be no escape from the 
conclusion either that alpha inhibitor may affect the results of serum antibody 
titrations even when livmg virus is used, or that other serum constituents, more 
akm to the specific antibodies and not destroyed by the virus enzyme, may 
increase and decrease from time to time quite independently of any specific 
antigenic stimulation Possibly both explanations are true, but the hypothesis 
that serum titres in the standard type of test with living virus may be partly 


Table VIII — Serum Titre Fluctuations m Human Volunteeis 


Serum 

honor 



Living I'itS -s Irus 
Serum samples 





Killed PR8 virus 
Serum samples 



l 

2 

3 

4 

H/L 

% Inc 

1 

2 

3 

4 

H/I 

% Inr 

b A— 

139 

138 

144 

133 

1 1 

8 

181 

187 

170 

148 

1 3 

20 

E H— 

213 

181 

177 

171 

1 2 

24 

192 

177 

235 

168 

1 4 

39 

C E— 

>G40 

448 

380 

497 

1 7 

08 

1228 

392 

240 

413 

5 1 

411 

D M— - 

93 

62 

01 

55 

1 8 

78 

320 

95 

127 

77 

4 2 

315 

M W— 

40 

<40 

<40 


1 0 


452 

190 

242 


2 4 

137 

J M— 

no 

82 

127 

85 

1 5 

54 

359 

307 

250 

247 

1 4 

40 

E L— 

320 

121 

242 

132 

2 0 

164 

2500 

608 

1280 

701 

5 0 

401 

S B— 

94 

100 

08 

94 

1 0 

55 

1089 

1689 

537 

1280 

3 1 

214 

M P— 

128 

96 

45 

75 

2 8 

184 

4304 

4302 

830 

1280 

5 3 

425 

L G— 

60 

62 

61 


1 0 

4 

1010 

2152 

735 


2 9 

192 

P T— 

87 

02 



1 4 

40 

2228 

1070 



1 1 

107 

W C — 

68 

68 



1 0 


254 

137 



1 9 

85 

D F — 

190 

174 

108 


1 2 

16 

351 

320 

233 


1 5 

50 

V W— 

72 

85 

101 


1 4 

40 

195 

320 

452 


2 3 

131 

F K— 

118 

112 

132 


1 2 

17 

320 

201 

292 


1 2 

22 

E M — 

ICO 

101 

88 

89 

1 8 

81 

640 

735 

402 

538 

1 (» 

59 

E B — 

70 

62 

54 


1 3 

34 

282 

274 

288 


1 ' 

5 

C M— 

103 

82 

02 

109 

1 8 

75 

970 

508 

493 

707 

2 0 

98 

J H— 

114 

130 

120 

110 

1 1 

14 

1280 

951 

844 

485 

2 0 

103 

M 3d— 

202 

206 

234 


1 1 

12 

1902 

1522 

701 


2 5 

149 

J D— 

74 

103 

110 

110 

1 0 

50 

345 

640 

545 

040 

1 9 

S5 


H/L = Ratio of highest and lowest titres 
% Lie = Percentage increase of highest o\ er lowest t it n. 


deteimmed bj 1 " alpha inhibitor is strongly supported by the fact that, on the 
v hole the significant fluctuations shown m the tests with killed uni 5 aie re- 
flected by corresponding smaller fluctuations against living vim* 5 


The use of cholera enzyme in antibody titration 

Because of the instability of living influenza \ irm and the unpredu tnhlr 
boha\iour of freshly harvested batches the iwe of killed \iru« for anti >or \ -y 
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would be preferable provided that all non-specific inhibitor substances could be 
removed from the sera to be tested The possibility of achieving this by means 
of cholera enzyme has been explored Smce the completion of the work a recent 
publication by Mulder and van der Veen (194S) became available which reports 
the use of cholera enzyme for the same purpose but without giving details of the 
results of the treatment 

A purified enzyme preparation was used which showed no protemase activity 
by the azocoll test Equal quantities of the enzyme in calcium acetate buffer 
and serum were mixed, incubated at 37° C for an hour and then heated at 56° C 
for 30 min to inactivate the enzyme A control mixture of the serum and 
buffer solution was subjected to the same treatment m parallel Preliminary 
tests showed that the buffer solution itself had no deleterious action on the 
inhibitory power of serum 

The results of experiments on three human and three normal gumea-pig 
sera are shown in Table IX They indicate that the method may prove satis- 


Table IX — Treatment of Sera uith Cholera Enzyme 

Control or Serum titres with 4 AD’s PUS virus 
Serum enzyme , * .. 

• t -T—r f i 1 



treated 

Living 

Heat killed 

Human W S 

c 

42 

109 


E 

<32 

<32 

„ M W 

C 

53 

456 


E 

40 

44 

, Mar 

C 

64 

254 


E 

47 

38 

hJormal guinea-pig 1 

C 

640 

9122 


E 

293 

3880 

, „ 2 

0 

160 

3225 


E 

48 

806 

jj j> 3 

C 

44 

1762 


E 

<40 

320 

C = Control sample 

E = Enzyme 

treated sample 



factory provided that the potency of the enzyme used is adequate for removal 
of all alpha inhibitor contamed m the serum With the three human sera this 
vas the case for after the enzyme treatment titres against living and killed virus 
vere not sigmficantlv different These titres, however were consistently lower 
than the tires of the corresponding control samples against living virus The 
differences may possiblv have been due to the concomitant destruction of some 
of the tine specific antibodies by residual protemase in the enzyme preparation 
which was not detected by the azocoll test It is however, much more probable 
that such reductions of titre represent the part played by alpha inhibitor in tests 
agnnst living virus The experiments with guinea-pig sera strongly support 
this view Obviously the enzvme used was not potent enough to destrov all 
alpha inhibitor present m the guinea-pig sera, but m each case the effect of the 
enzyme treatment was to reduce titres against both killed and living virus bv 
approximately the same proportionate amount 



INFLUENZA HAEMAGGLUTINATION REACTIONS 


59 




DISCUSSION 

The importance of virus haemagglutmation reactions is now well established 
for by their agency considerable light has been shed upon some of the fundamental 
problems of infection Their use, however, for the detection and measurement 
of serum antibodies is open to question For such purposes the desirability of 
using standardized and stable virus is obvious, but it is doubtful whether this is 
possible with living virus preparations, for these have been shown to vary from 
time to time and from batch to batch, not only as regards their haemagglutma- 
tion titres, but also qualitatively in a manner which affects the inhibitory potency 
of sera The factor chiefly responsible for such instability may be the unpre- 
dictable and ever-changing proportions of living and dead virus In any case 
heat-killed virus is much more likely to be both stable and standardizable, but 
it can be employed for antibody assay only m the complete absence of non- 
specific inhibitory substances of the Francis type The possibility of lemovmg 
such inhibitory substances from sera by treatment noth cholera enzyme lias 
been demonstrated by the few preliminary experiments reported, but before 
the method can be adopted rigorous proof is required that the treatment is 
without any deleterious effect upon specific antibodies, and that the titres of 
enzyme -treated sera obtamed by haemagglutmation show 7 a close and constant 
correlation with titres obtained, by mouse neutralization tests 

The alpha inhibitor and probably other serum constituents of like nature 
participate m influenza haemagglutmation reactions even when living virus is 
used, and under some circumstances they may apparently affect the lesults of 
antibody titrations This might be of little importance if all human sera con- 
tamed approximately the same amount of non-specific inhibitors, 01 even if the 
serum of each individual remained constant Such, however, is not the case , 
m this respect animal species vary, different members of each species vary, and 
the serum of an individual may fluctuate from tune to time The majority of 
the volunteers examined showed considerable fluctuations over a short penod 
of a few months, in spite of the facts that the group was fairly uniform as regards 
age, social status and mode of life and that none suffered illness throughout the 
period of experiment It is true that m this small senes the maximum effect 
upon the serum inhibition titres of any individual was only a 2 8-fold increase 
when living virus was employed foi the titrations, but it is probable that much 
greater serum changes may occur from time to time as a result of non-specific 
stimuli of various lands Indeed we have already obtamed some evidence that 
febrile disturbances quite unconnected with virus infections may affect pro- 
foundly the concentration of alpha inhibitor m the patient’s serum Thus the 
usual interpretation of titre differences between acute and convalescent samples 
of serum, in both diagnostic and epidemiological work, is open to question 
Apart from their participation m haemagglutmation reactions scrum in- 
lnbitois of the Francis type may be of considerable importance It n difficult 
to believe that serum constituents capable of blockmg the virus receptor con- 
cerned in the initial stages of cell invasion are without anv influence upon the 
susceptibility of the host to infection In manv virus diseases mcludiiur in- 
fluenza, the behaviour of individuals and the epidemiological patterns of <>ut- 
bieaks are not always explicable on the basis of levels and distribution of spe< ’lu. 
antibodies in the population at risk Non-specific factors which arc coni] 1 * t* ’> 
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orei shadowed m experimental laboratory work may well play a part m natuial 
infections and may also be concerned in the determination of species suscepti- 
bility and resistance It is m this connection that the m vivo neutralization of 
a mis by normal guinea-pig sera may have special significance, though it is, as 
vet, quite uncertain whether their neutralizing power is_ connected with then 
exceptionally high concentration of alpha inhibitor The two effects of heat 
inactivation, namely mcrease of haemagglutmation inhibition titre against 
lulled virus and loss of virus neutralization activity in mouse tests, suggest that 
serum constituents of different nature must be responsible for the two types of 
activity Burnet and McCrea (1946) report similar high haemagglutmation 
ndnbition titres of normal ferret sera coupled with a virus neutralization activity 
which was peculiarly strain specific In their case, however, the inhibitory 
substance was found by salt precipitation methods to be a part of the gamma 
glob ulin fraction of the serum proteins, and they assumed that the same com- 
ponent was responsible for the different types of activity Obviously forthei 
investigations of the sera of different species by all available methods aie 
indicated 


SUMMARY 

Influenza viruses suffer degradation by freezing and storage even at veiy 
low temperatures Quaktative differences m different batches of virus may 
affect results of serum titrations 

Immune sera devoid of non-specifio inhibitor substances of the Francis 
type (alpha inhibitor) give lower inhibition titres against heat-killed influenza A 
virus than against living virus It is suggested that the bulk of virus protein 
contained in the standard haemagglutinin dose of virus employed may be partly 
responsible foi the phenomenon 

The sera of all animal species tested were found to contain non-specific 
mhibitoiv substances In addition to quantitative differences, species diffei m - 
i aspect of the qualitative behaviour of then serum inhibitors Guinea-pig seia 
appeal to be especially rich in such substances 

Of three normal guinea-pig sera tested in mouse neutralization tests all 
showed \ mis neutralizing potency 

Oonsidei able fluctuations of the concentration of non-specific serum 
inhibitory substances occur from time to time m normal healthy human bemgs 
Such changes may affect the results of influenza antibody titrations by the 
haemagglutmation leaction even if living virus is employed 

The icmoval of alpha inhibitor from sera by means of cholera enzyme 
mav facilitate the accurate assay of influenza antibodies m human sera 

We are indebted to Dr J H Humphrey for preparation of the cholera enzyme 
iwed in our experiments The expenses of the work were defrayed by a grant 
from the Medical Reseal ch Council 
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THE EFFECT OF HEAT CJPON DIPHTHERIA TOXOID- 

ANTITOXIN FLOCCULES 

MOLLIE BARR 

From the Wellcome Physiological Research Laboratories, Beckenham, Kent 
Recened for publication January 10, 1949 


It was shown by Glenny and Pope (1927) that the antigenic efficiency of 
toxoid- antitoxin fioccules, as measuied by the Immunity Index method, was 
unproved by heating for 1 hour at 80° C Glenny and Waddmgton (1928) 
confirmed tlus observation, and showed that the filtrate from a heated batch 
produced immunity when injected mto guinea-pigs Ramon, Legroux and 
Schoen (1931) suggested decomposition of the fioccules on heating, with 
destruction of antitoxin, and solution of the more heat-stable toxoid Watson, 
Taggart and Shaw (1941) found that the solubility of fioccules and the antigenic 
activity of filtrates increased with increasing pH level at which the heating 
was performed up to approximately pH 9 0, above which the activity decreased 
They tested the filtrates for toxoid content by means of the flocculation test 
usmg an enzyme-purified antitoxin , they were unable to obtam flocculation 
against other sera 

In the experiments now to be described, the fioccules under investigation 
were suspended m buffer solutions , between pH 6 2 and 7 5 sodium phosphate 
buffers (Sorensen) were used, and above pH 7 5, sodium borate-boric acid buffers 
(Pahtzsh) The range below pH 6 2 was not used, because early experiments 
showed that no appreciable quantity of toxoid was freed on heating under these 
conditions Filtrates from heated samples were tested for free toxoid content 
by the flocculation test, at least two types of test bemg made on each sample, 
as described later This was done because the nature of the filtrates suggested 
that unreliable results might be obtained if any undestroyed antitoxin were 
present In agreement with the results of Watson, Taggart and Shaw, no 
flocculation as a rule could be obtained against unconcentrated sera, though m 
a few cases flocculation occurred at such a pomt that it was obviously indicating 
an incorrect value (e g more toxoid present than was originally contamed in 
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the floccules) , it was always possible, however, to obtain a result by blending 
the filtrate with a suitable volume of a toxin of known strength, and testmg 
agamst an uneoncentrated serum Further tests were made against refined 
antitoxin, both by direct titration and by testmg blends It was sometimes 
found that the results obtained by different methods were discrepant, or that 
more than one zone of flocculation existed When this occurred, a different 
antitoxm was used m further tests m order to determine which zone represented 
the true neutial toxoid -antito xin, reaction , m general the method of the blend 
test was the most satisfactory one 

It is generally assumed that toxoid-antitoxm floccules consist of pure toxoid 
and antitoxm, but the abnormal flocculation reactions of these filtrates, either 
m the form of impossible values or more than one zone, suggests one of two 
possibilities The first of these is that the floccules actually contain specific 
components other than toxoid and antitoxm, and the second that the presence 
of some undestroyed combmed antitoxm causes flocculation m multiple propor- 
tions under certain conditions The latter explanation gams some support 
m subsequent findings While the testmg of filtrates from most batches of 
heated floccules presented some difficult} 7 , particularly those heated at pH 8 5 
and 9 0, it was especially evident in filtrates from floccules prepared from refined 
antitoxm, which is more heat-stable than unconcentrated antitoxm With one 
exception the floccules used m the experiments to be described were standardized 
m volume so as to con tarn approximately 120 Lf per ml of toxoid The toxoid 
and antitoxm after flocculation was allowed to stand for 4 weeks, after which 
the floccules were washed several times with saline and suspended m buffer 
solutions 


The effect of heating at different temperatures floccules prepared from the same 
materials in different pioportions 

Three batches of floccules were prepared, usmg one toxoid and one uncon- 
centrated antitoxin The first batch (1984) contained approximately 25 per 
cent less antitoxin than the Lf mixture, the second batch (1985) contained 
toxoid and antitoxm m equivalent proportions, while the third (1986) contained 
antitoxm in excess to about 25 per cent Heating was carried out on 100 ml 
quantities of suspension of these floccules at 70° C , 75° C and S0° C for 1 hour 
at pH levels ranging from pH 6 17 to pH 9 0 Table I shows the titres of toxoid 
m Lf doses per ml found m the filtrates after heating, and it will be seen that 
m general the higher the temperature the more toxoid was freed, though there 
are indications that destruction may occur at 80° C above pH S 5 The results 
confirm those of Watson, Taggart and Shaw m so far as the amount of toxoid 
present increased with increasing pH level, but m contrast to their findings 
more toxoid was recoverable under the same conditions from floccules prepared 
using excess toxoid than from floccules conta inin g an excess of antitoxm In 
order further to test this pomt, five batches of floccules were prepared usmg 
another toxoid flocculated u ith different amounts of a refined antitoxm These 
batches contained 0 CO, 10, 1 5, 2 0 and 2 3 units of antitoxm per Lf dose of 
toxoid Portions of the floccules were suspended m buffer solutions and heated 
for 1 hour at 75° C , the results are shown m Table II The essential findings 
m this experiment are the same as those shown m Table I, for the amount of 
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Table I — Showing the Amounts of Toxoid Detectable in Filtrates from 3 Batches 
of Toxoid -Antitoxin Floccules after Heating for 1 hour at Different pH Levels 


Batch of floccules 
Units of antitoxin 
per Lf toxoid 


1984 

0 75 



1985 

1 0 

Temperature 


1986 

1 25 


pH 

1 O 

O 

l 1 ' 

75° 

80° 70° 75° 80° 70° 

Toxoid content of filtrates (Lf per ml ) 

75° 

o 

O 

CO 

6 17 

0 

3 

6 

0 

0 

3 

0 

0 

1 

2 

6 65 

1 

3 

8 

0 

2 

6 

1 

1 

2 

7 06 

3 

11 

26 

1 

10 

19 

1 

3 

10 

7 65 

5 

15 

29 

1 

14 

28 

3 

8 

10 

8 00 

13 

22 

30 

3 

29 

30 

3 

10 

18 

8 20 

28 

43 

59 

4 

40 

63 

•a 

22 

39 

8 50 

37 

53 

ca 50 

29 

ca 60 

— 

12 

40 

44 

9 00 

60 

60 

— 

44 

— 

42 

27 

42 

20 


Table II — Showing the Amounts of Toxoid Detectable m Filtrates from 5 Batches 
of Toxoid- Antitoxin Floccules after Heating for 1 hour at 76° G at Different 
pH Levels 


Batch of floccules 

2110 

2123 

2124 

2125 

2126 

Units of antitoxin per Lf toxoid 

0 66 

1 0 

1 5 

2 0 

2 5, 

pH 

Toxoid content of filtrate (Lf per ml ) 

, A 

6 55 

5 

5 

1 

1 

0 

7 05 

10 

8 

3 

3 

1 

7 65 

19 

10 

5 

3 

1 

8 0 

35 

18 

6 

3 

1 

8 2 

44 

16 

10 

3 

1 

8 5 

50 

14 

12 

6 

1 

9 0 

50 

— 

— 

6 

2 


toxoid passing into solution at a given pH level decreases as the antitoxic content 
of the original floccules increased This is m direct contrast to the results of 
Watson, Taggart and Shaw, who found that recovery of toxoid was greatest from 
floccules in which the antitoxin was considerably in excess 

In all experiments, especially at 80° C , many of the suspensions of floccules 
underwent coagulation , those suspended m buffers at pH 8 2 or above frequently 
went into solution after heatmg for 10 or 16 minutes 

A comparison of the antigenic efficiency of suspensions of heated floccules containing 
different amounts of toxoid m solution 

Tests for antigenic efficiency were made by means of two equal doses of 
material injected subcutaneously into groups of 12 or more guinea-pigs a an 
interval of 28 days The a nim als were bled 10 days after the second mjec ion, 

6 
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and. the individual bleedings tested for antitoxic content by the guinea-pig 
mtracutaneous method Tests were made at approximately 2-fold differences, 
the lowest value tested bemg 0 001 unit In all tables showing antitoxic response 
of guinea-pigs it has been necessary to record the median value rather than the 
geometric mean, because m some groups a proportion of the animals failed to 
produce any detectable antitoxin The extent of the scatter of the antitoxic 
values is of importance in giving some indication of the group response to 
injection, but the figures obtained m these experiments are too extensive for 
present-day publication, and have therefore been summarized m the form of 
median values for each group With increase in dosage or improvement m 
antigen scatter is reduced, though the relation between dose and response is 
not nearly so close for toxoid-antitoxm floccules as for other types of antigen 
such as toxoid or alum-precipitated toxoid 

Table III gives a comparison of the antigemc efficiency of a number of 
suspensions produced by heating 100 ml quantities of a batch of floccules for 


Table III — Showing the Immumty Response of Guinea-pigs to 2 Injections each 
0 1 ml of Toxoid- Antitoxin Floccules Heated at Different pH Levels 


Sample 

pH 

Free toxoid 
(Lf per ml ) 

Median antitoxic value 
(units per ml ) 

1 

6 17 

0 

0 706 

2 

7 0 

10 

0 708 

3 

8 0 

29 

2 33 

4 

8 2 

40 

3 66 

5 

8 5 

60 

1 09 

6 

unheated control 

0 0236 


1 lioui at 76° C at different pH levels The floccules used had been prepared 
bi mixing equivalent proportions of toxoid and unconcentrated antitoxin, and 
the supernatant liquids from the heated samples contained toxoid in solution 
in amounts ranging from 0 to 60 Lf doses per ml 

All heated samples were considerably better antigens than the unheated 
floccules, including that heated at pH 6 17, m the filtrate of which no detectable 
toxoid vas present The antitoxic response was greatest in gmnea-pigs mjected 
vitli the sample containing 40 Lf per ml of free toxoid, and a titre of 29 Lf 
gate a better result than one of 60 Lf It should be pointed out however that 
mam te^ts using different dosage would be necessary to determine the optimum 
balance between fiee toxoid and unchssolved floccules In this experiment no 
gumea-pig pioduced less than 0 1 unit of antitoxin except those mjected with 
the unheated control , only 3 out of 14 in this group produced more than 0 1 
unit and 3 failed to reach 0 001 unit The use of a lower dose might have 
suggested that suspensions containing less free toxoid were the better antigens, 
because m geneial low doses of precipitated antigens are more effective than low 
doses of soluble toxoids In unpublished experiments done at these laboratories 
it has often been found that a reduction of the dose to one-tenth or one-hundredth 
of that prescribed under the Therapeutic Substances Act for the testing of 
toxin-antitoxin floccules (TAT) produces but little difference in the antigenic 
effect 
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A further comparison was made using a different batch of floccules m which 
refined antitoxin was used , the amount of antitoxin was 80 per cent of that 
required for neutrahty The samples of floccules were heated for 1 hour at 
70° C , and the free toxoid titres of the resulting suspensions ranged from 0 to 
44 Lf per ml In the testing of antigenic efficiency the same method was used, 
but doses of 0 1, 0 01 and 0 001 ml were injected for each sample The results 
are given m Table IV, and show, as m Table III, that all the heated preparations 

Table IV — Showing the Immunity Response of Guinea-pigs to 2 Injections of 
Toxoid- Antitoxin Floccules Heated at Different pH Levels 


Sample 

pH 

Free toxoid 
(Lf per ml ) 

Median antitoxic value (umts/ml ) 
of animals injected with — 



0 001 ml 

0 01 ml 

0 1 ml 

1 

6 55 

0 

0 050 

0 141 

0 251 

2 

7 65 

2 

0 0141 

0 174 

0 505 

3 

8 2 

12 

0 123 

0 317 

0 133 

4 

8 5 

27 

0 500 

0 573 

0 833 

5 

9 0 

44 

0 234 

0 537 

1 59 

6 

unheated 

control 

— 

0 0020 

0 0913 


weie better antigens than the unheated floccules In general the antigemc 
efficiency increased with the amount of free toxoid m solution, but the samples 
heated at pH 8 5 and 9 0, -with 27 and 44 Lf per ml respectively, appeared equally 
efficient The fact that the latter appeared shghtly better than the former 
when a dose of 0 1 was used, but worse when 0 01 was used, if not due to animal 
variation, may be the result of the relative proportions of dissolved and undis- 
solved material as suggested earlier, or to the physical condition of the remaining 
floccules favouring greater antigemc efficiency after heatmg at pH 8 5 than 
pH 9 0 

Examination of the results with regard to median value and degree of scatter 
shows that the values obtamed using Samples 1 , 2 and 3 are sufficiently comparable 
to be collected together into a group B for each level of dosage , Samples 4 and 
5 form another group, C, and the unheated control alone a tlmrd group, A The 
distribution of values arranged m this manner is presented m Eig 1, which 
gives the percentage of the total number of guinea-pigs exceeding certain values 
(log scale) 

A comparison of the curves shows that all become steeper, owing to reduction 
in scatter, with increasing dosage As the dose is mcreased, the difference in 
antigemc efficiency of the samples also becomes far less apparent The most 
interesting facts, however, arise from a comparison of the actual antitoxic values 
reached by the majority of guinea-pigs m each group These can be briefly 
summarized as follows — 

Group A3 (0 1 ml ), 15 guinea-pigs , 13 3 per cent failed to produce antitoxin, 
but of the remainder, 73 per cent produced 0 04 , 0 1 or 0 2 unit 
Group B3, 39 guinea-pigs, no fadures , 79 per cent produced 0 1 , 0 2, or 0 5 unit 
Group C3, 25 guinea-pigs, no failures, 78 per cent produced 0 5, 1, or 2 units 

There is but little scatter m groups B and C at this dosage, and the range 
of values wit hin which the majority fall is somewhat higher for C than e 
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Log antitoxic value 

Fig 1 — Showing the percentage number of guinea pigs exceeding certain antitoxic values 
after two injections of unheated toxin antitoxin floccules (Curves A), heated toxin-antitoxin 
floecules Samples 1 to 3 m Table IV (Curves B), and Samples 4 and 5 (Curves C) 

chief difference between A and B lies in the failure of 13 per cent of group A 
animals to respond , the majority of the responders produced values comparable 
with the majority of group B animals 

Decreasing the dose to 0 01 ml , the difference between A and the other 
groups is more apparent 50 per cent of the 12 guinea-pigs (A2) failed to respond, 
and 33 per cent of the remainder had values of 0 1, 0 2 unit Group B2, 65 
gumea-pigs, 3 1 per cent failures, 71 per cent of the responders produced 0 1, 
0 2, 0 5 unit Group C2, 28 guinea-pigs, 3 6 per cent failures, 82 per cent of 
responders produced 0 2, 0 5, 1 unit At this level of dosage, therefore, A is 
inferior to B and C for two reasons , there is a much larger percentage of non- 
responders, and a much smaller group with values equal to the majority of 
respondeis m B and C 

Using the lowest dose (0 001 ml ) the control sample A was not tested In 
Group Bl 10 3 per cent of the 39 guinea-pigs failed to respond, and 59 per cent 
of the remainder had values of 0 04, 0 1, 0 2 units, while m Group Cl, 4 4 per 
cent of 23 guinea-pigs failed, and 69 per cent of the responders produced 0 1, 
0 2, 0o units 

These results show that the majority of those guinea-pigs which showed an 
antitoxic response produced values which fall within a small range, and this 
ranee scarcely altered even when the dose injected was increased or decreased 
10 to 100-fold 

In an attempt to determine the cause of the improvement m antigenic 
efficiency of heated samples whose filtrates contain no detectable toxoid, one 
such batch was centrifuged, the supernatant liquid removed, the floccules well 
washed several times with saline and resuspended to original volume This 
suspension and the unv ashed heated suspension were injected into guinea-pigs 
When two doses each of 0 1 ml were injected, there was no difference in the 
response of the two groups of animals, but using a dose of 0 01 ml the unwashed 
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suspension appeared to be slightly better , both preparations were superior to 
the parent unlieated floccules A single injection of 6 0 ml of the supernatant 
liquid produced low-grade immunity m another group of gumea-pigs, 8 out of 
13 animals producing from 0 001 to 0 2 unit of antitoxin in 6 weeks, and the 
remaining 6 failing to respond It appears probable that the mcreased antigemc 
efficiency of preparations containing no detectable toxoid is due to some physical 
change m the floccules during heating, as well as to the action of traces of toxoid 
undetectable by blend flocculation test, or of soluble toxoid-antitoxin Support 
is lent to this idea by the results of the following experiment 


The effect on antigemc efficiency of addition of heated dissolved toxoid-antitoxin 
floccules to unheated floccules 

As has been stated previously, batches of floccules heated at 76° C or 80° C 
at pH S 6 or 9 0 usually pass completely into solution It appeared possible 
that the properties of heated floccule suspension might be reproduced by the 
addition of heated dissolved floccules to an unh eated suspension A batch of 
floccules was therefore heated at 76° C for 1 hour at pH 8 5, and the resulting 
solution found to contain 60 Lf doses of toxoid per ml Portions of this solution 
were then added to measured volumes of a batch of unheated floccules m such 
quantities that the final concentration of toxoid m the mixtures was 5, 10, 20, 
30 and 46 Lf per ml 

All these mixtures therefore contained the same total nitrogen and the same 
amount of total antigen, though the proportions of floccules to dissolved floccules 
varied 

The antigemc efficiency of the mixtures was tested by the usual method of 
two injections into guinea-pigs, and the results are given m Table V These 
results should be compared with those m Table IV, because the batch of floccules 


Table V — Showing the Immunity Response of Guinea-pigs to 2 Injections of 
Toxoid- Antitoxin Floccules to which Dissolved Floccules had been Added 

Median antitoxic value (umts/ml ) 

of animals mjected with — 

- -- 

0 001 ml 0 01 ml 

Under 0 001 0 0089 

2 10 0 060 0 040 

3 20 0 0036 0 034 

4 30 0 016 0 063 

6 45 0 080 0 040 


Sample 

1 


Toxoid added 
(Lf per ml ) 


used was the same for both experiments The mixtures were all better antigens 
than the parent batch (unheated control, m Table IV), but none was nearly so 
efficient as any of the heated samples m Table IV , some failures to respond 
occurred in every group This result strongly suggests that increased antigemc 
power due to heatmg is due not only to destruction of antitoxin with liberation 
of soluble toxoid, but also to some change in the remaining floccules, pro a y 
either m solubility m the tissues, stability or ease of dissociation 
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The effect of phenol in the footing of toxoid-antitoxin floccules 

In a single experiment a batch of floccules prepared from refined antitoxin 
was divided into four portions treated as follows — 

(a) Suspended in buffer at pH 7 1, no phenol used 

iP ) )> JJ 5) pH ^ b, , , J) ,, 

(c) „ „ , ? pH 7 1,0 5% phenol added 

\d) „ „ „ pH 8 0, 0 5% 

These suspensions were heated for 1 hour at 80° 0 and tested for antigenic 
efficiency Portions of the filtrates were tested for toxoid content by the 
flocculation test, and it was found that within the limits of error of the test the 
same titre was obtained in the presence or absence of phenol for both pairs of 
suspensions In the antigenic efficiency test, using 15 guinea-pigs for each 
sample, the presence of phenol during heating had no apparent effect at pH 
7 1, but at pH 8 0 the sample containing phenol was definitely inferior to the 
control heated without phenol It might well be expected that denaturation 
of toxoid would occur at pH 8 0 or higher m the presence of phenol, but further 
work is necessary before any final conclusion can be drawn 

The effect of salt 

It is well known that toxoid-antitoxin floccules show a certain degree of 
solubility m distilled water, but appear to be relatively insoluble in normal 
saline solution , they also go mto solution at low pH levels (Glenny and Pope, 
1927) In order to facilitate recovery of toxoid by heat-treatment, reduction 
of the salt content of the suspending liquid should presumably be aimed at, in 
order to increase solubility, although at certain pH levels (above about pH 8 6) 
complete solution may readily occur on heatmg If distilled-water suspensions 
of floccules are heated m glass containers, changes of pH are very hable to occur, 
and the conditions cannot therefore be controlled Because of this, floccules 
used m the experiments described here have been suspended in buffer solutions 
free from sodium chloride The pH level has thus been stabilized at the cost 


Tab lb VI — Shoicing the Effect on Toxoid Liberation of the Addition of Sodium 
Chloride to Floccides Suspended in Buffer Solutions and Heated at 80° G 

Toxoid content of filtrates (Lf/ml ) recovered from floccules 


pH 

r 

A 

, 

B 


C 

JL 



With NaCl No NaCf’ 

With NaCl 

No NaCl’ 

With NaCl 

No NaCl' 

G 55 

10 

18 

6 

6 

2 

3 

7 05 

22 

40 

10 

8 

2 

4 

7 G5 

31 

50 

14 

15 

3 

5 

S 0 

30 

52 

16 

31 

4 

6 

S 2 

53 

110 

26 

55 

7 

9 

S > 

30 

120 

21 

50 

8 

16 

9 0 

Units of antitoxin 

— ca 30 

10 

10 

6 

5 


per Lf toxoid m 

floccules 0 6G 10 
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of tlie inclusion of certain electrolytes The effect of the addition of sodium 
chloride to the buffers has, however, been studied In these experiments portions 
of a batch of floccules were freed from salt by washing with distilled water, and 
suspended m buffer solutions , the companion sets were suspended in saline 
solution, which was drawn off and the floccules suspended in buffers containing 
0 20 per cent sodium chloride Three batches of floccules were used, one, A, in 
which 0 66 eqmvalent of antitoxin was present, the second batch, B, one equivalent, 
and the third, C, 1 5 units of antitoxin per Lf dose of toxoid The results of 
heating these suspensions are shown in Table YI The presence of sodium 
chloride strongly lnlubits the liberation of toxoid from the floccules, and m many 
instances the titi e of toxoid found m the sodium chloride samples is of the order 
of half that in the correspondmg controls 

Total nitrogen estimations were done on these filtrates for the purpose of 
comparing the purity of the free toxoid m different series In every case the 
purest filtrates were obtained at pH 8 2, and the actual figures for purity of 
these samples in terms of Lf per mg mtrogen are as follows — 



Lf with 

Lf without 


sodium chloride 

sodium chloride 

Batch A 

600 

790 

„ B 

330 

510 

„ C 

127 

145 


These figures show that the filtrates contain considerable amounts of soluble 
protein derived from the antitoxin constituent, because the punties of filtrates 
from Batch C are low and even those from Batch A are not especially high , 
the more antitoxin was used m the preparation of the floccules, the less pure the 
resulting filtrates after heating, m terms of Lf doses per mg N This would 
obviously be expected if the antitoxin-nitrogen were not coagulated during heating 

It was noteworthy that the presence of sodium chloride increased the tendency 
to coagulation of floccules on heating, and no samples heated under these con- 
ditions dissolved completely Whether these effects are due to sodium chloride 
itself or to the increase in the total ionic concentration of the suspending solution 
has not been investigated 

The effect of time of heating upon antigenic efficiency and toxoid liberation 

In view of the fact that floccules heated under conditions favouring then 
complete solution dissolve in a very short time (10-16 minutes), it appeared 
possible that any changes that occur might take place very quickly, and that 
prolonged heating might either be unnecessary or produce a detrimental effect 
Experiments were therefore earned out to determine the optimum time of heating 
to liberate maximum amounts of toxoid, and to produce the best type of antigen 
Table VII shows the effect of time of heating of two batches upon the amount o 
toxoid passing into solution at different pH levels In some instances, e g 
Samples 4 and 6, time has but little effect upon toxoid liberation, and usua y 
the maximum was reached m an hour In all experiments involving a c , 
destruction of toxoid occurred with longer heating , with Batch X, estruc on 
occurred only at pH 8 5 between 1 and 2 hours Unless this were due to mdividu 
batch-variation, it appears possible that splitting of floccules made om re 
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Table YII — Showing the Amounts of Free Toxoid Detectable m Filtrates from 
Toxoid- Antitoxin Floccules after Heating for Different Lengths of Time 


Sample 

Batch of 
floccules 

Type of antitoxin 
in floccules 

pH 

Temperature 

Lf per ml in filtrate after 
heatmg for — 




15 

30 

60 

120 mm 

1 

X 

Unconcentrated 

7 05 

75° C 

6 

12 

11 

13 

2 

X 

yy 

8 0 

75° C 

16 

24 

28 

28 

3 

X 

yy 

8 5 

75° C 

45 

49 

72 

64 

4 

Y* 

Refined 

7 05 

75° C 

5 

5 

6 

4 

5 

Y 

yy 

8 0 

75° C 

14 

13 

19 

9 

6 

Y 

yy 

7 05 

80° C 

9 

10 

7 

7 


* This batch contained only 80 Lf per ml 


antitoxin occurs more rapidly than splitting of those from unconcentrated anti- 
toxin, and that the toxoid thus liberated is somewhat more stable to heat m 
the latter case than the former Presumably both rate of splitting and subsequent 
stability are to some extent dependent upon the firmness of union of the floccule 
components Solubility of floccules may also be dependent upon firmness of 
union, for it has repeatedly been noticed m these laboratories that non-avid 
antitoxins (1 e , those combining loosely with toxin) give a very meagre yield 
of floccules, suggesting that all the toxoid-antitoxin does not come out of solution 
It is possible that floccules from refined antitoxin are more readily soluble than 
those from unconcentrated antitoxin, though this has not been shown, and m 
their behaviour on heating at pH 8 5 or above there is no observable difference 
If the antigenic efficiency, of heated preparations were related entirely to 
their free toxoid content, it would be expected that time of heatmg would have 
but little effect, with most of the preparations shown m Table VII That this 
is in general not the case is shown m Table VIII, which deals with most of the 


Table VIII — Shotting the Immunity Response of Guinea-pigs to 2 Injections of 
Some of the Suspension Featured m Table VII 


Sample in 

Dose 

Median antitoxic value of guinea pigs injected with samples heat 

Table VII 

injected 

15 

30 

60 

120 nun 

1 

0 01 

— 

0 163 

— 

0 163 

3 

0 0067 

0 100 

0 130 

0 0063 

0 0040 

4 

0 01 

0 0470 

0 141 

< 0 001 

< 0 001 

5 

0 01 

0 014 

< 0 001 

< 0 001 

< 0 001 

G 

0 01 

0 163 

0 130 

< 0 001 

< 0 001 


samples shown m Table VII The results show that the antigenic efficiency of 
Samples 4, 5 and G was severely damaged if heatmg was maintained for as long 
as 1 hour, although the free toxoid content might mcrease between 30 minutes 
and 1 hour Using Samples 1 and 3 (from the first batch of floccules) this was 
not so apparent, though with Sample 3 a considerable reduction m antigenic 
efficiency occurred between 30 minutes and 1 hour and 2 hours, despite the fact 
that the 1-hour sample contamed a much higher titre of toxoid than the other 
samples Xo difference m efficiency was obtamed m the case of Sample 1, 
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whether heated for half an hour or two hours It should be noted, however, 
that no guinea-pigs injected with these samples gave a poor response, and it is 
possible that the use of lov er dosage might have revealed differences 

It is apparent that the majority of suspensions reach their maximum antigemc 
efficiency after heating for 30 minutes or less Longer heating, though this may 
liberate more toxoid, damages the antigemc properties, in some cases severely 
This effect is thought to be due to denaturation of toxoid m solution, rather 
than to any effect on the remaining floccules, smce Sample 3 m Table VIII 
became completely dissolved after 10 minutes’ heating, so that all the samples 
m this series were clear solutions 

These experiments show that the amount of toxoid passing into solution on 
heating under given conditions of pH and temperature is dependent upon the 
composition of the floccules heated , that, in general, increase of pH or tempera- 
ture causes liberation of greater amounts of toxoid The addition of relatively 
small concentrations of sodium chloride to suspending buffers may make an 
enormous difference to the heated product, and tune of heating has a very 
significant, but not constant, effect upon the antigemc efficiency and toxoid 
content of the resulting suspension Other experiments, not described here, 
have shown that batches of floccules of the same composition in terms of toxoid 
antitoxin ratio, but containing different toxoids, do not behave m the same 
manner when heated under apparently identical conditions , it is not possible 
to predict, a 'priori, the yield of soluble toxoid under any given conditions, nor 
whether coagulation will occur This may be due to the presence of traces of 
certain inorganic salts m some batches Further, relatively large amounts of 
antitoxic protein are present m most filtrates, and it is surprising that Watson, 
Taggart and Shaw describe their filtrates as “ highly ” concentrated and purified 
antigens “ containing mere traces of dissolved matter ” The purest filtrate 
obtamed in my experiments contained less than 800 Lf per mg of nitrogen 
The experiments also suggest that some of the material present in the filtrates 
exists as loosely-combined undestroyed antitoxin , this has actually been 
demonstrated by means of the guinea-pig intraeutaneous test The addition of 
toxin to a filtrate has turned out of combmation some of the toxoid, thereby 
sensibly reducing the toxicity of the toxin through combmation with traces of 
freed antitoxin In these same filtrates the presence of toxoid was demonstrated 
by a quantitative flocculation test The nature of the filtrates is therefore not 
simple, but appears to consist of toxoid, under certain conditions in a somewhat 
denatured state, m loose combmation with antitoxin The quantitative relation 
between the toxoid and antitoxin cannot be worked out by any simple means, 
but it is probable that the toxoid is grossly in excess It is also possible m such 
a system that combmation m multiple proportions may occur 

STJMMABY 

When diphtheria toxoid-antitoxm floccules are heated, more toxoid is recovered 
under the same conditions of pH and temperature from undemeutralize occ e 
containing less than one equivalent of antitoxin than from those prepare ui 
one equivalent or more The amount of toxoid released decreases as 
proportion of antitoxin m the floccules increases Suspensions heate a 
pH 8 2 usually dissolved completely 
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The antigenic efficiency of floccules heated under conditions so as to recover 
varying amounts of toxoid increases with the amount of toxoid released, appealing 
to be maximal when 30—40 Lf/ml are present in solution, but decreases again 
at a concentration of 60 Lf/ml The original floccules contained 120 Lf/ml 
of toxoid 

The antigemc efficiency of unheated flocculeB plus heated floccules solution 
is inferior to that of heated floccules, suggesting that heatmg brings about 
changes in the floccules other than dissociation, and destruction of antitoxin 

The presence of sodium chloride m suspending buffer inhibits liberation of 
toxoid on heatmg This may, however, be due to the increase in the total lomc 
concentration 

The purest filtrate obtained contained 790 Lf doses per mg mtrogen, showing 
that considerable quantities of soluble antitoxic protein were present This 
was obtained from floccules of composition 1 Toxoid 0 67 antitoxin purities 
of filtrates from 1 1 or 1 1 5 floccules were considerably lower 

The antigemc efficiency of suspension of floccules increases on heatmg for 
15 to 30 minutes, after which it is usually severely damaged, even if no destruction 
of soluble toxoid occurs 

The results suggest that filtrates from heated floccules consist of relatively 
small amounts of antitoxin loosely combmed with and grossly over-neutralized 
by toxoid 

I am indebted to Mr A T Glenny, FRS , for much helpful criticism, and 
to Miss Llewellyn-Jones and testing staff for much technical assistance m the 
animal tests 
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The “ Lewis ” blood groups were discovered m 1946 by Mourant, who found 
a “ new ” antibody in two samples of human serum This antibody, which was 
called anti-Lewis, agglutinated the red blood cells of 24 out of 96 English people 
of group 0 The antigen thus recognized appeared to be independent of the 
ABO, MN, Rh, P and Lutheran antigens 

The antibody gave reactions shghtly stronger at room temperature than at 
37° C , both examples were considered to be spontaneous rather than immune 
Mourant tested the families of 15 persons who were Lewis positive In 7 
cases both parents of a Lewis-positive person were examined, and one or the 
other parent was also Lewis positive in all of them Mourant said, “ This is 
conclusive evidence that the agglutinogen is inherited, and suggestive, but not 
statistically significant evidence that it is a Mendelian dominant character rather 
than a recessive ” Considering that all other known blood group genes express 
themselves m single dose this restramt was most praiseworthy, and justified m 
the light of subsequent investigations 

More examples of anti-Lewis sera were quickly found , a description of one 
was pubhshed by Jakobowicz, Simmons and Bryce (1947) Several were sent 
to Dr Mourant, at the Blood Group Reference Laboratory, from the Enghsh and 
Welsh Blood Transfusion Services An example was found by Dr Hartmann m 
Oslo, and one of us (R S ) found 4 examples m a collection of antisera set aside 
for her investigation by Dr L K Diamond, at the Blood Grouping Laboratory, 
Boston 

In 1947 Andresen reported that he and Ereiesleben, working mdependently, 
had found, during the course of the year, 8 examples of an antiserum which 
agglutinated the red cells of 21 per cent of adults Andresen (1947) called this 
blood group system the L system, which was in a way fortunate, for it proved 
subsequently to be the Lewis system of Mourant Andresen ’s choice of a symbol 
was in another way less fortunate, for there was at the time m the Enghsh press 
a paper by Mamwarmg and Pickles (1948) describing 3 examples of the anti- 
Lutheran antibody of Callender and Race (1946), and defining subdivisions of 
the Lutheran groups for which Mamwarmg and Pickles used the symbols L l5 
L 2 and 1 , 

Andresen’s paper considerably advanced knowledge of the Lems bloo 
groups The frequency of Lewis -positive blood m adult Danes was esta is e 
as 21 per cent, and the unexpected observation was made that the frequency v as 
higher m infants These pomts are illustrated m Table I, which is ta 'en om 
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Table I — Type Distribution Demonstrated in Adults and in Children at 

Different Ages (from Andresen ) 

Children 


Type 

Adults 

0-3 months 

4 — 6 months 

7-9 months 

10-12 months 


No 

% 

No 

% 

No 

% 

No 

% 

nT" % 

L+ . 

166 

21 

78 

79 

74 

73 

18 

36 

19 29 

L- . 

618 

79 

21 

21 

28 

27 

32 

64 

46 71 


Andresen’s paper Andresen found, moreover, that “ parents of type L — very 
well might get children of type L+,” and in order to satisfy these two sets of 
observations proposed that, while in adults only LL homozygotes gave the 
reaction L+, in young infants on the other hand the heterozygotes LI were also 
giving the L~f~ reaction In other words, in adults the Lewis + g 1 ' 011 ? was 
behaving as a recessive Mendehan character This was unexpected, for perhaps 
all other known blood group genes express themselves when m single dose One 
of the main purposes of this present paper is to give evidence which appears 
strongly to support Andresen’s view that Lewis-positive adults are genetically 
homozygous 

In 1948 Andresen published a second paper which again advanced the subject 
Andresen reported the finding of another type of antiserum (anti-L 2 ), whose 
reactions bore an almost completely antithetical relationship to those of the 
original anti-Lewis (called by Andresen in this second paper anti-Lj) Table 
II, which is taken from the paper referred to, shows the result of testmg 238 
group 0 blood samples (evidently from adults) with the two sera 

Table II — Distribution of the Groups in the L System within Group 0 

( from Andresen) 

L.+ L+ L,4- Lj— L,— Lt-f L,- L,~ Total 

Group 0. . 0 46(20%) 178 (74%)_ 14(6%) 238 

As Andresen pointed out, these results fit very well with the concept that 
Lj and L 2 are allelomorphic antigens, but that the existence of the small L x 
Lo — group made it “ not yet possible to estabhsh the manner of inheritance with 
certainty ” 

Such w ere the results obtained by Andresen with adult group O cells and also 
with group Ao cells When A x cells were tested, however, it was found that 
onh 42 per cent were agglutinated by the anti-L 2 serum, and that many of the 
reactions were weak or doubtful Andresen considered this effect to be an 
example of the phenomenon known m genetics as epistasis, L 2 being suppressed 
if A x were also present Epistasis is defined by Waddington as follows 
“ Another form of interaction between multiple factors is found when one factor 
is ‘ dominant ’ over the others, i e suppresses their expression We cannot 
use the terms dominance and recessiveness m such cases since the factors involved 
occupy different loci and are not allelomorphs Bateson proposed the words 
epistasis and hypostasis ” Andresen found that m children the percentage of 
group 0 bloods agglutinated by the anti-L 2 serum was considerably lower than 
m adults 
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In July, 1948, Dr Andresen visited England and kindly demonstrated the 
reactions of the anti-L 2 serum Later we recognized a second example of anti-L 2 
m a serum sent to us by Dr Peter Vogel and Dr R E Rosenfield of New York 
In October, 1948, Grubb, working at the Lister Institute, made an observa- 
tion which greatly added to the interest of these many-sided groups, and which 
started a fresh line of investigation Grubb discovered that practically all, if 
not all, persons whose red cells were Lewis positive (L x -}-) were also salivary 
non-secretors of A, B or H substance, and vice versa 

Early m 1949 certain people engaged in work on the Lewis groups (Andresen, 
Callender, Eisher, Grubb, Morgan, Mourant, Pickles and Race, 1949) agreed to 
use the following notation for the Lewis and Lutheran systems 


System 

Lewis 

Lutheran 

Genes 

Le a 

Lu a 


Le b 

Lu b 

Genotypes 

Le a Le a 

Lu a Lu a 


Le a Le b 

Lu a Lu b 


Le b Le b 

Lu b Lu b 

Phenotypes 

Le(a -f- b — ) 

Lu(a +) 


Le(a — b -f ) 

Le(a — b — ) 

Lu(a — ) 

Antibodies 

. anti-Le a 

anti-Le b 

anti-Lu a 


No distinction is made between the symbols for the genes and those for the 
antigens 

The antibody anti-Le a corresponds to the original (Mourant, 1946) anti- 
Lewis and to the anti-L x of Andresen, anti-Le b corresponds to the anti-L 2 of 
Andresen (1948) 

If only one anti-serum, anti-Le a , is used the phenotypes which it defines are 
called Le(a -{-) and Le(a — ) 

This notation will be used in what is to follow 


EXPERIMENTAL 

Samples of blood from 57 1 unrelated persons have been tested with anti-Le a , 
130 or 22 77 per cent were agglutinated Table III shows the samples divided 


Le(a+) 
Le(a— ) 

Total 


Table III — Lewis Blood Oioups of 571 Unrelated Persons 

A, A, 


0 

A, 

A, 

B 

AjB 

A,B 

undifferent rnt ed 








A 

AB 

Total 

59 

47 

9 

9 

2 

1 

3 

0 

130 

21 93% 

25 68% 

18 37% 

21 95% 





22 77% 

210 

136 

40 

32 

6 

0 

10 

1 

441 

77 23% 

269 

183 

49 

41 

8 

7 

13 

1 

57 1 
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according to the A x A, B 0 blood groups In new of the influence of the A x 
antigen on the reaction of anti-Le b serum the foil owing comparison has been 
made 

Le(a -f ) Le(a — ) Le(a G-) % 

Samples containing A x . . 49 142 . 25 65 

Samples without A-, . 78 2SS . 21 31 

But as y~ — 1 3 for one degree of freedom, the excess of Le(a A) blood samples 
which contain A x can well be accounted for by chance, and it can be assumed 
that the reaction of a sample of blood with anti-Le a is independent of its A x 
A. B 0 group 

Of the 571 blood samples 406 were from English people , 132 were from 
American whites, tested in Boston by one of us (B S ), and 33 were from people 
known to be Welsh 

Although the exact manner of inheritance of the Lewis groups as defined by 
anti-Le 3 and anti-Le b is not yet established with certainty, the following con- 
siderations confined to the results given by the original anti-Lewis (anti-Le a ) 
tvpe of serum, strongly support Andresen s theory that the presence of the Le a 
antigen is in adults a recessive character 

O 

If Le(a A) blood is genetically homozygous (Le a Le a ), then the gene fre- 
quency of Le a = VO 2277 = 0 4772 and that of the other allelomorphs =1 — 
0 4772 = 0 5228 Representing the other allelomorphs by Le ? the expected 
genotvpe frequencies would then be * 

Le(a A) . . Le a Le a 0 2277 

T , , (Le a Le’ 0 4990 

{ } * (Le’Le’ 0 2733 

and these figures can be emptied to the exammation of the results of testing the 
79 families given in Table IV 

The families have been tested for other blood group systems than those shown 
m the table but the addition of these groups would make the table too involved 
for the present purpose All the children are over the age of 2 years 

Table V shows the children expected from the various types of mating, on 
the assumption that Le(a A) blood is homozygous 

From Table V it can be calculated that the children from a mating Le(a A) X 
Le(a — ) should be m the ratio of 0 3230 Le(a A) to 0 6770 Le(a — ) From the 
mating Le(a — ) x Le(a — ) the children should be in the ratio of 0 1044 Le(a A) 
to 0 S^SG (Le(a — ) From the mating Le(a -F) x Le(a A) all children would 
be expected to be Le(a A) 

Table VI shows the comparison between the children expected and those 
observed m the 79 families The agreement is seen to be very close , and this 
stronglv supports the theory of Andresen 

As a contrast Table VII shows the observed children from the various 
mat mgs compared with the expected children, but with the expectations 
this time based on the obvious alternative possibility that Le(a A) blood may 
be either homozygous or heterozygous for Le 3 The following gene frequencies 
have been used m the calculation of the children expected 


Le’ = y\) 7723 = 0 S7SS and Le 3 = 1—0 S7SS = 0 1212 
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Table IV — The Lewis and the A 1 A^B 0 Groups of 79 Families, some of 
them also Classified foi .4, B and H Secretion 


Family 

Father 

Matmgs Le(a 

Mother 

— ) X Le(a -f-) 

Children 

No 

A,AjBOLe(a ) 

AiA,BOLe(a ) 

Le(a — ) 

Le(a +) 

1 

A x 

_L 

1 

Ao 

— 

0 

A 2 A 2 

2 

A, B 

+ 

0 

— 

B 

, 

3 

A x 

— 

0 

+ 


0 Ax 

4 

A x 

+ 

Ax 

— 

Ax Ax 



ss 


S 


S S 


5 

0 

— 

Ax 

+ 

A 3 

Ax 

6 

Ax 

+ 

0 

— 

Ax 

Ax Ax 

7 

Ax 

+ 

Ax 

» 

Ax 

Ax Ax 


ss 


S 


S 

ss ss 

S 

0 


Ax 

— 


Ax 

9 

0 

+ • 

0 

— 

0 0 0 


10 

Ax 

— 

Ax 

+ 


Ax Ax 

11 

0 

— 

Ax 

+ 


Ax Ax 0 







ss 

12 

Ax 

+ 

Ax 

— 

Ax 

Ax 

13 

Ax 

— 

Ax 

+ 

0 

Ax 0 0 

14 

Ax 

+ 

B 

— 

Ax B B 


15 

0 

+ 

A x 

B - 

B B 


16 

A X B 

+ 

0 

— 

Ax B B Ax Ax 

B 


ss 


s 


s s s s s 


17 

0 

+ 

0 

— 

0 0 


18 

0 

— 

0 

+ 

0 0 


19 

Ax 

— 

B 

+ 


A^ Ax B A, 

20 

0 

+ 

0 

— 

0 0 0 


21 

a 2 

— 

0 

+ 

0 







s 


22 

a 2 

+ 

Ax 

— 

A 2 A x 







s 


23 

0 

+ 

B 

— 

B 

. 0 


ss 






24 

A x 

— 

Ax 

4- 

A x 

* 

25 

Ax 

— 

0 

+ 

Ax 0 



S 


ss 


S 


26 

A 2 

+ 

0 

— 

0 







s 


27 

. 0 

+ 

0 

— 

0 0 0 

0 


ss 


s 


s s s 

ss 

28 

0 

1 • 

0 

+ 

0 0 



s 


ss 


s s 


29 

A x 

+ 

0 

— 


Ax 


ss 


s 



ss 

30 

B 



0 

+ 

0 

B 0 


S 


ss 


s 

ss ss 

31 

0 

4- 

a 2 

— 

Ao 0 0 



ss 


S 


s' s s 
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Table IV {continued) 


Matings Le(a — ) X Le(a -f) 


Family 

Father 

..L 

Mother 



Children 

JL 

No 

A,A,BOLe(a 

) A 1 A,BOLe(a 

) 

Le(a -) 

Le(a +) 

32 


+ 

Ax 


• • 

• A x 


ss 


S 



ss 

33 

Ax 

+ 

0 - 


Ax Ax 

• 


ss 


s 


s s 


34 

a 2 

+ 

Ax 


A 2 Ax 

Ax 


ss 


S 


s s 

ss 

35 

0 

+ 

0 - 



. 0 


ss 


s 



ss 




Matings Le(a 

— ) x Le(a — ) 


36 

Ax 

— 

0 - 


0 

0 0 

37 

B 

— 

B - 


B 0 



S 


S 


S 


38 

0 

— 

. 0 - 

• 

0 0 

• 


s 


s 




39 

Ax 

— 

0 - 

• 

• 

. 0 




s 




40 

. Ax 

— 

. Ax — 

* 

0 Ax A x 

• 




S 


S 


41 

0 

— 

Ax 

• 

• 

0 

42 

Ax 

— 

0 - 

• 

0 



S 


s 


s 


43 

B 

— 

0 - 


0 


44 

Ax 

— 

Ao — 

• 

0 


45 

0 

— 

Ax 



0 

46 

0 

— 

0 


0 0 0 


47 

0 

— 

Ax 

• 

0 Ax 


4S 

Ax 

— 

Ao B - 


A 2 B Ax 


49 

0 

• — 

0“ - 


0 0 



s 


S 


s 


50 

0 

— 

B - 


B 0 0 B B 0 


51 

Ax 

— 

A x 


Ax Ax 0 



S 


S 


s s 


52 

0 

— 

• Ax 


Ax 0 Ax 


53 

0 

— 

. 0 - 


0 0 0 

. 


s 






54 

. 0 

— 

Ax 

• 

0 Ax 

• • 

55 

Aj B 

— 

. 0 - 

• 

B 



s 


s 


S 


56 

. 0 

— 

. 0 - 


0 0 

• 

57 

Ax B 

— 

. 0 - 

• 

B Ax Ax 

• 


S 


s 


S 


5S 

. Ax 

— 

. 0 - 

• 

Aj Ax 0 

Ax 


S 


s 


s s 

ss 
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Table IV [continued) 
Matings Le(a'— ) x Le{a — ) 


Family 


Fftthor 


Mother 

JL _ _ 


Children 

-A - 

No 

A, A,T30Lo(a 

) A t A 3 BOLe(a 

) Lo(n — ) 


59 

Aj 

— 

B 

— 


0 


S 


S 



ss 

60 

0 

— 

0 

— 

0 0 0 



s 


s 


s s 


61 

0 

— 

A 2 

— 

A 2 Ao 



s 


s 


s s' 


62 

Ax 

— 

Ax 

— 

Ax A x A x 



S 


s 


s s s 


63 

0 

— 

Ax 

— 

0 



s 


S 


s 


64 

. 0 

— 

A, 

— 

0 0 A, 



s 


S 


s s s 


05 

A, 

— 

. 0 

— 

. Ao Ao 

~0 


s' 


s 


s" s' 

ss 

66 

A x 

— 

Ax 

— 

0 

* 


S 


S 


s 


67 

Ax 

— 

• Ax 

— 

. A x 



S 


S 


s 


6S 

0 

— 

• Ao 

— 

As O 



s 


s' 


S S 


69 ’ 

0 

— 

0 

— 

OOOO 

0 


s 


s 


S s s s 

ss 

70 

Ax 

— 

Ax 

— 

Ax A x 



S 


ss 




71 

B 

— 

Ax 

— 

A,B 



S 


S 


S 


72 

• A, 

B - 

0 

— 

Ax B 



S 


s 


S S 


73 

A 

— 

. 0 

— 

. 0 



S 


s 


s 


74 

B 

— 

B 

— 

. B 



S 


s 







Matings Le(a 

+) X Le(a +) 


75 

0 


a 2 

+ 


Ao Ao 


ss 


ss 



ss ss 

76 

. B 

+ 

0 

+ 


0 

77 

. 0 

+ 

0 

+ 


OOOO 

78 

ss 

B 

+ 

ss 

Ax 

+ 


ss ss ss ss 
A X B 0 0 

SS S3 SS 

0 0 0 
ss ss ss 

79 

ss 

0 

+ 

ss 

. 0 


* 


ss 


ss 




The father* of Families 55 
The mother of Faintly 70 is 


and 57 are brothers 
the i laid in Familj 45 


S = salivary secretor of A, B or H 
ss = saliiarv non secretor of B or it 


G 
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Table V — Showing the Expected Group Frequencies of the Childr en fi om Different 
Lems Matings The Expectations are Based on the Theory of Anchesen that 
Le(a +) Blood is Genetically Homozygous 




Expected 
frequencj of 
mating 

Le n Le a 

X Le’Le' 1 

0 0518 

Le n Le a 

X Le n Le 7 

0 2272 

Le n Le !1 

X Le’Le 9 

0 1245 

Le n Le' 

X Le n Le v 

0 2490 

Le n Le ? 

X Le'Le' 

0 2728 

Le'Le’ 

X Le’Le' 

0 0747 



1 0000 


Expected children 


Le«Len 

LeaLe? 

Le’Le’ 

0 

0518 




0 

1136 

0 1136 





0 1245 



0 

0623 

0 1245 

0 

0623 



0 1364 

0 

136-1 



' 

0 

0747 

0 

2277 

0 4990 

0 

2734 


Table VI — The Expected and the Observed Absolute Numbers of Children from 
the Three Types of Lems Matings The Expectations being Based on the 
Theory of Andreseh 

Children 


’Unti»<z 

s - — ~ ■ " — 

T vpo Number 

Le(a -{-) X Le(a -T) 5 
Le(a -{-) X Le(a — ) 35 
Le(a -) X Le(a — ) 31 


Niunhoi 

Le(n 

+ ) 

olis 

Fxp 

obs 

13 

13 

13 

80 

25 S 

30 

84 

S S 

9 


Le(n — ) 


Exp 

obs 

/ for 1 d f 

0 

0 


54 2 

50 

0 99 

75 2 

75 

0 01 


Tvble VII -The Expected and the Observed Absolute Numbers of Children from 
the Three Types of Mating The Expectations are Based on the Assumption , 
no longer held that Le(a -j-) Blood may be Genetically either Homozygous or 
Heterozygous 

Childrr n 


Mntmg 



Tvp 

o 

Numhei 

Number 

Le(a +) 

Le(a 

r~ *- 

-) 




ob« 

Exp 

Obs 

Exp 

Obs 

Le(a 

v) X 

Le(a 

+ ) 5 

13 

10 2 

13 

2 S 

0 

Le(a 

4-) x 

Le(a 

-) 35 

SO 

42 6 

30 

37 4 

50 

Le(a 

-) X 

Le(a 

-) 39 

84 

0 0 

9 

S4 0 

75 


It a\ ill bo seen fiom Table VI that the results of testing the blood of 79 families 
foi the tvo gioups Le(a V) and Le(a — ) are m good agreement with the con- 
tention of Andiesen that adult Le(a +) blood is genetically homozygous 

Table VII 'dious that the results contiacbct the alternative possibility that 
Le(a -f- ) blood may be eithei homozygous or heterozygous for Le a 

It ma\ be vise to avoid speaking of the Le n antigen as behaving m adults 
as a Mendelian recessive character and therefore differing from other blood 
gioup antigens Most anti-Lewis sera aie of Ion title, and it may be that if 
nuue povetful ^eia ueie .nailable the Le 1 gene Mould be recomu/able in single 
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(lose The appearance ol lccessivdi mai he clue to the weakness of the antiseia 
at piesent available 

Samples of saliva fiom 80 of the patents and 80 of the cluldien shown m 
Table IV haic been tested foi the piesence of the A, B 01 H substances It mil 
be seen below that the lcsults aie m aecoi dance with the observation of Grubb 
(104$) that all people so far tested whose led cells aie Le(a -f-) aie sahvaiy non- 
secietois of the A 13 and R substances and that with a very few r exceptions 
people whose led cells are Le(a — ) ate sahvaiy secietors of the A, B and H 
substances 

' The following figiucs ha\e been counted from Table IV 

Kcd tellt. 


A, B oi H m saliva 


| Secietois 
[Non-sect etois 


Li (a -(-) Le(a — ) 

0 12.3 

48 1 


The lesults of the family giouptngs have been counted in a numbei of different 
ways m a search foi i elationships that might possiblv exist The most striking 
of these counts w r as the folloivmg, taken fiom the Le(a -f) x Le(a — ) matmgs 


Children 


1 e(a +) Le(a — ) 

Motheis Le(a +) 16 11 

Motheis Le(a — ) 14 39 


and foi this 2x2 table / 2 = S 2, winch conesponds to a piobability of less 
than 1 m 400 The mam upset m the table is clue to too many of the childien 
of Le(a -f-) motheis being themselves Le(a +) 

In attemptmg to decide whether this disturbance has some cause othei than 
chance it must be lemembered that the data piovided by the families have been 
counted in about 20 different ways, and this must lowei somewhat the level of 
piobability •which is to be consideied statistically significant 

Subdivisions of the count suggest that the disturbance, low as the piobabihtc 
is of it being a chance one, nevertheless may be due to chance If the fii st 16 
families and the last 19 families aie counted sepaiately the total numbei of 
children m each count is about the same, but the association of Le(a ~j~) motheis 
and Le(a +) children is found only m the first count 

Fn si 16 Families Last 19 Families 

Children Children 

Le(a +) Lc(a — ) l^(n - ) !'(«»-) 

Motheis Le(a +) 11 2 Mother Le(a + ) > ’ 

„ Le(a — ) S 20 „ Le(a -) 6 ]q 

Had tlieie been a leal association between the Le(a ) mothei" and h< ( ' l 
clnlcben the distuibance would ha\e been expected to "bow m >ot i fount" 
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Further, if a count is made omitting all the families with only Le(a — ) 
children, as possibly having a homozygous negative parent, the following figuies 
are obtained 


Mothers Le(a +) 
„ Le(a — ) 


Children 

_ x 

Le(a +) Le(a — ) 

16 3 

14 10 


As / 2 — 3 4 for one degree of freedom this is a furthei indication that the dis- 
turbance originally observed may be due to chance 

Two other counts which showed a deviation from the expected proportion 
will be given m order that attention may be drawn to the deviations and future 
work show whether they are of significance 


Mating Le(a +) X Le(a — ) 

Mothei s A x or A x B 

,, O, A,, B oi A 2 B 

r foi 1 d f = 48 

Mating Le(a'-j-) x Le(a — ) 

Children A r And A 1 B 
, 0, A,, B oi A, B 

r for 1 d f =47 


Children 


t ^ 

Le(a +) Le(a — ) 
15 13 

15 37 


Children 


Le(a +) Lo(a — ) 

17 16 

13 34 


Anothei count seems voith lecoichng m view of the influence of the Aj A, B 0 
gioups on the leactions of the anti-Le b serum it shows no cbstuibance of 
piopoition 


Mating Le(a -f ) Le(a — ) 

Clnldren 


Mot licit Le(a — ) 
Le(a +) 


f - A > 

Le(a -r) Le(a — ) 

A, ABO A, A, BO 

K A 


C'ompatible 

Incompatible 

Compatible 

Incompatible 

11 

3 

28 

11 

11 

5 

10 

1 


This can be i educed to the 2x2 table 

Motha child 

Lev is gioups same 

different 


C hildren A, A BO 
Compatible Incompatible 

39 10 

21 4 


for vhich /- = 1 o foi 1 degiee of freedom, indicating that no distuibance has 
been detected In tlm count compatible clnldren are those who«e ABO group 
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would pei nut them to give a, transfusion to then mother with the qualification 
that an A x child has been scored as incompatible if the mother is A 2 

More than half of the 79 families described m this paper were also tested with 
anti-Le 1 ’ serum Of the blood samples tested those belonging to group 0, A 2 , B 
oi Ao B weie, with four exceptions, agglutinated either by anti-Le R or by anti-Le b , 
but not by both The four exceptions, all from unrelated persons, gave unequi- 
vocally negative leactions with both antisera More families are being tested 
in the hope of tin owing furthei light on the genes involved m the Lewis groups 


SUMMARY 

The Lewis blood groups of 571 unrelated peisons have been determined 
130 oi 22 77 per cent weie Le(a +) The Lewis blood groups of 79 families are 
given m detail, and on analysis the lesults aie found to support strongly the 
contention of Andiesen that adults whose led cells are Le(a +) aie genetically 
homozygous 

The saliva of 172 membeis of these families has been tested foi the piesence 
of the A, B or H substances The results entirely conform with the observation 
of Grubb that there is a very close, if not absolute, association between Le(a +) 
led cells and non-secretory saliva, and that the converse relationship, between 
Le(a — ) red cells and secietoiy saliva is very close, though not absolute 

We are grateful foi help received from Di P H Andresen, Dr R Grubb, 
Dr W T J Morgan and Di A E Mourant We would also like to acknowledge 
the gifts of sera from Di Andresen, Dr G Tovey, Dr P Vogel and Dr R E 
Rosenfield We wish to thank also the members of the families without whose 
co-opeiation such work is impossible 
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SURVEY OF PAPERS 

Smithburn finds that the neuiotropio properties of Rift valley fevei vims m mice can be enhanced 
b\ serial brain passaue Intraperitonea 1 inoculation m mice of the adapted neurotropic i irus confers 
increased resistance to intraceiebral inoculation of nemotropie virus and complete immunity to 
pantropic urns (p 1) 

Malcolm, Griesb vch, Rielschowsky and Hall find that prolonged adnumstration of tlnoiuea 
or rolated compounds in the rat leads to enlaigement of the parathyroids even when enlargement 
of the thyroid is prevented by the simultaneous administration of thyroxine A generalized osteitis 
fibrosa is found in association with the enlargement of the parathyroids (p 17) 

Purves and Griesbaoh estimate the amount of thyrotropic hormone m human serum by moasui- 
mg its effect on the height of the cells of the thyroid acini in guinea pigs Thyrotropic hoimone is 
present m the serum of cases of treated thyrotoxicosis and untreated mvxoedema, but not m cases of 
untreated thyrotoxicosis In malignant exophthalmos t.heie are two groups of cases, one with 
thyrotropic netiviti and the otliei \\ ith none (p 23) 

O’Connor finds that certain acndine compounds affect mitosis in isolated chick embrjo brain 
at lover concentrations than those necessary to inhibit inspiration, and concludes that the effects 
on mitosis and on respiration are independent (p 30) 

Smithburn, Haddow and Lumsden find that Rift Valley fevei vmis can be transmitted by 
mosquitoes of the Eretmajxxhles chrysogaster group {p 35) 

Wilson Smith and Westwood have investigated the validity of the influenza virus haemagglu- 
tination reaction for determining the titre of antibodies m sera Heat killed virus is much more 
likely to be stablo and standardize ble than living virus, but can be used for antibody assay only m 
the absence of the non specific inhibitor', substance present in all sera The removal of the inhibitor 
by cholera enzyme may facilitate the accurate assay of influenza antibody (p 48) 

Barr finds that v hen diphtheria toxoid antitoxin floccules are heated, more toxoid is recovered 
from floccules containing less than one equivalent of antitoxin than from those with one eqim alent 
or more (p 61) 

Race, Sanger, Lawler and Bert in si lav have determined the Lewis blood group of 571 un- 
related persons Analysis of the Lewis blood groups of 79 families supports the Mev that ildults 
v hose blood cells are Lewis positive are genetically homozygous (p 73) 
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by Morgan (Kmg and Morgan, 19 44 , Morgan 1947, Am in off and [Morgan 194S) 
and de Burgh, Yu, Howe and Bovamick (194S) provided evidence for the poly- 
saccharide nature of a very efficient inhibitor which can be extracted from human 
red cells and mav be identical with the receptor substance of ervthrocytes 
(Hirst 194S) 

The important fact disclosed by Burnet and co-workers (Anderson 194S 
Burnet 194Sa 19486) is the loss by previous treatment with active (unheated) 
influenza virus of the ability of the various mucoprotems and mucopoh sac- 
charides to act as virus haemagglutimn inhi bitor "Whatever mav be the forces 
of attraction between the surface of the heat- inactivated virus and the mucoid 
molecule the lack of association after treatment with active virus scarcely allow s 
of another interpretation than of a structural change m the substrate This 
finding, taken together with the further observation that a soluble enzyme of 
Vibrio choJerae referred to as receptor destroying enzyme or RDE (Burnet and 
Stone 1947) closely mutates active influenza virus in its ability to reduce the 
power of mucoids to inhibit haemagglutination by heated virus (Anderson 1 94 S 
Burnet 1948a) stronglv suggests the enzymatic nature of the process 

At this stage it seemed desirable to investigate the chemical change involved 
in the interaction between active influenza virus and suitable mucoprotems It 
is the aim of the experimental work to be described m a series of papers to present 
information regardmg the composition of the product of tins interaction thus 
affordmg conclusive evidence for the enzymatic character of the virus actmty 
under discussion and obtaining some msight into the chemistry of the underlying 
reaction Bor such an investigation it was essential to provide a virus inhibitor 
easily available and readilv acted upon by the virus concerned In the search 
for such a substance use was made of the observation by Burnet (unpublished) 
that hen egg-wlnte is an efficient virus haemagglutimn inhibitor a property 
rapidly lost by pre-treatment with active virus or with RDE Lanm and Beard 
(1948) have also reported a similar inhibitors effect of egg-white on haemaggluti- 
nation In heated swme influenza virus In this paper it will be shown that of 
the various egg-white proteins the ovomucm fraction is mainlv responsible for 
the?e phenomena Since the preparation of this fraction presents no difficultv 
ovomucin fulfils the specified reqmrements 


MATEKIALS 

Preparation of oxomucin 

Ovomucm was prepared following mainly the procedure described bv \ oung 
(1937) 000 ml egg-white obtained from about 20 fresh white Leghorn eggs 

and freed of the chalazae were chilled and poured mto 1600 ml distilled water at 
0 C C The precipitate was centrifuged off and washed three times with cold 0 5 
per cent YaCl solution in the centrifuge The washed precipitate was dispersed 
m the minimal volume of 10 per cent XaCl solution and reprecipitated bv adding 
the dispersion to about twenty volumes of distilled water at 0° C After centn- 
fugation the snow -white precipitate was washed wuth water until washings were 
chlorine free and practically devoid of protein The final product was dried over 
cone HoS0 4 in tacuo This preparation of a white, silky appearance was 
analvzed for moisture ash nitrogen hexosamme and reducing substances with 
the following result 
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Table I. — Analysis of (he Ovomucin Ft action of Fgg-whilc 


* 




Reducing 

substance 


- 

Moisture 

Ash 

Nitrogen 

(as glucose) 

Hexosa- 


mg 

mg 

mg 

mg 

mme 

mg 

100 mg ovomucm contam 

6 3 

1 64 

13 20 

15 4 
(15 U) 

11*8 


* Hydrolysed with 2n HC1 at 100° C for 5 hours 


The figui.es m Table I are in fair agreement with the data given by Young 
(1937) Ovomucin, once dried, even if drying is gently effected from the frozen 
state, is scarcely soluble in water or in NaCl solutions of various concentration 
It was found that the capacity of ovomucin to inhibit haemagglutination by 
heated virus and the loss of this capacity by pre-treatment with active virus was 
changed neither quantitatively nor qualitatively, if the precipitates were washed 
only once Therefore, for experiments concerned mainly with the kinetics of the 
virus-substiate mteraction the second precipitate, after one waslnng, was redis- 
persed m an appropriate volume of NaCl solution to give a final ovomucm con- 
centration of 0 5 to 1 0 per cent and a final salt concentration of 6 per cent 
This dispersion, showmg a considerable viscosity and a faint opalescence, was 
dialysed in a cellophane tube for 48 hours at 4° C against two changes of 1 8 and 
1 0 per cent NaCl solution respectively 

It must be pointed out, however, that ovomucm, prepared from egg-white 
by precipitation with water, represents a protem fraction rather than an individual 
protein As was shown m this Institute by Mr E L French, all ovomucm pre- 
parations contain lysozyme in various concentration, up to 15 per cent of the 
total ovomucm fraction The lysozyme content of this fraction may be con- 
sideiably decreased by shifting the pH of the final dispersion (m 5 per cent NaCl) 
to 9 7 with 1 N KLOH, chilling and seeding the liquid with crystals of isoelectric 
lysozyme Under these conditions lysozyme crystallizes out from the dispel sion 
within 2 or 3 days at 4° C and is removed together with some gelatinous matter 
by centrifugation By this method, described for egg-white by Alderton and 
Fevold (1946,) the lysozyme content of the ovomucm fraction can be reduced 
to about 4 per cent of the total The dispersion, after leadjustment of the pH 
to 7 0, is then dialysed, as described above This procedure yields a rather 
uniform dispersion of the ovomucm fraction, which may be diluted with 0 85 
per cent NaCl solution, if so required 

It may be mentioned that separation or concentration of the virus liaemag- 
glutmin inhibitor component of the ovomucin fraction by chloroform extraction 
(Sevag’s (1934) method as modified by Baj 7 , Henry and Stacey (19*16)) is not 
feasible If an ovomucm dispersion (inhibitory titre 6400) vas shaken for )<• 
minutes with 1/5 of its volume of chloroform and 1/50 of its volume of n- butano 
and then centrifuged foi 5 minutes, only 5 per cent of the mlubitor wis reco\ ercc 
m the upper layer (inhibitory titre 300) Submitting the upper Ia\ cr to the ‘•aim 
treatment furtliei reduced the mhibitoiv pouer (inhibitor! titre <50) 
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Piepaialion of ovomucoid, egg albumin and lysozyme 

Ovomucoid was piepaied according to Momei (1804), uystalknc egg albumin 
accoidmg to Cole (1933) and ciystallme lysozyme (isoelectiic) fiom egg-wlnte 
accordmg to Alderton and Fevold (1946) 

Pui ificgtion and concentration of influenza virus 

Two strams of influenza attus, Melbourne (type A) and Lee (type B) weie 
used In each case purification and concentration Aveie earned out m the follow- 
ing manner 75 ml of a centrifuged pool of allantoic fluids hai vested fiom 13- 
day-old cluck embryos, inoculated ivith the respective Amus 2 days previously, 
Avere mixed AVith 75 ml of 0 1 M phosphate buffer (pH = 8 2) 0 1m calcium 

chloride solution Avas then added drop by drop AVith constant stirring m tAVO portions 
of 6 8 ml and 4 5 ml respectively and the precipitate resulting from each addition 
spun doAvn m a refrigerated centrifuge After washing AVith 0 1 m phosphate 
buffer (pH = 8 2) the precipitate was quickly dissolved m 10 ml of half-saturated 
ammonium citiate solution, previously adjusted to pH 6 3 AVith citric acid, and 
the mixture dialysed for GO minutes agamst running tap Avater and for 48 houis 
at 4° C agamst two changes of 4 1 0 8 per cent NaCl solution The Avhole pio- 
ceduie Avas performed under steule conditions, and only pieparations free from 
bacterial contamination Avere used m the experiments The technique is a 
modification of Salk s (1941) method, fust applied m this Institute by Di McCrea 

Pi eparation of the leceptor destroying enzyme ( RDE ) 

A culture filtiate of a suitable strain of Vibno choleiae Avas heated at 55° C 
foi 30 minutes m the piesence of excess calcium From this matenal a led cell 
cluatc Avas prepared accoichng to Burnet and Stone (1947) 

METHODS 

Ntiiogcn determinations Aveie made by the micro-Kjeldahl method, usmg the 
appaiatus of Painas and Wagner Penod of combustion A\as 8 horns after the 
addition of the catal^ st (selenium dioxide) 

The reducing pouei Avas detei mined by the Hagedom- Jensen nnciomcthod 
aftei Iia drolysis of the substance AVith 1 5 k HC1 at 100° C foi 31 hours m a sealed 
tube 

The hex osarmne content of ovomucin Avas estimated according to Elson and 
Moigan (1933) Hvdiolysis prioi to the detei mmation Avas effected by 05 x 
HC1 at 100° C for 40 hours, conditions found to give maximum A r alue The 
figuies both foi the reducing poA\ei and the hexosannne content, as tabulated, 
are not conected for the umwoidable loss of carbohydrate in the course of acid 
lndrohsis under the conditions pi evading 

Titration of inhibiton/ activity of ovomucin 

Titiations A\ere performed essentialh accordmg to the technique desenbed 
b\ Buniet (194Su) Serial ti\ofold dilutions of the inhibitor, Avith 0 85 pei cent 
XaCl as diluent, -weie prepared m 0 25 ml Aolumes To each tube Avas added 
one di op of Lee infected allantoic fluid pieiuoush heated at 5G° C for 30 minutes 
and diluted so as to contain five agglutinating doses of Anrus per diop Aftei 
shaking the mixtuies A\ere held for 30 minutes at room temperature, A\hen 0 25 
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ml of 1 pei cent suspension of “ sensitive ” fowl red cells (Andeison, 11)48) 
was pipetted into each tube The cells were then allowed to settle foi one hoiu 
at loom tempeiatuie, and the end-pomt, i e 50 pei cent haemagglutmation, was 
detennmed by obseivation of the pattern of the deposited cells The lecipiocal 
of the mlubitor dilution showing the end-pomt was recoided as the inhibitory 
title of the preparation The dilutions were refened to that inhibitor concentra- 
tion actually used m the experiment, unless otherwise stated 

Eoi the determination of the lesidual mlubitoi m the presence of virus the 
sample was diluted 1 10 with 2 per cent NaCI solution (unless stated otherwise) 

and heated at 65° C foi 30 minutes to destioy the vims Contiols weie treated 
identically Titiations weie then earned out as above The inhibitor was only 
slightly affected by this heat-tieatment 

Titration of virus haernagglutimn 

Haemagglutmm titrations of vnus weie perfoimed accoi cling to the method 
of Burnet, Beveridge, Bull and Clark (1942) with the modification -that a suspen- 
sion of 1 per cent foivl red cells w as used 

Titration of RDE activity 

The activity of RDE was determined, as descubed by Burnet and Stone (1947) 


EXPERIMENTAL 

The, inhibitory 'power of ovomucin as compared with that of the other egg-white 
proteins 


Table II — The Virus Haemagglutmm Inhibitory Titles of the 1 ar ions Egg-white 

Proteins 


Protein 


Ovomucm fraction 
Ovomucoid 
Ovalbumin 
Lysozjrme 


Inhibitory tit re referred 
to 1 gm of protein 
(dry weight) 

2 4 X 10 6 to 4 8 X 10 6 
1 X 10 3 
<2 X 10 2 
<2 X 10 2 


It may be seen from Table II that of the various piotems present m egg-w Into 
it is the ovomucm fraction which is endowed with the power to inhibit Iiaema 0 
glutmation by heated influenza virus As will be shown m a following papei 
tins inhibitory power is a property of only a small portion of the 0"^ omucni iac ion 
Ovomucm, as usually prepared, is not an individual protein, but rat ler a ^pro em 
mucoprotem mixture The lysozyme content of the ovomucm rac i< i 
he reduced, as descubed undei “materials” Its complete iemo\ ^ . 

attempted, since the residual lysozjune, while lepresentmg on h a n1 ”* b-ictei ja 
(host efficiently protects ovomucm against contamination T air h , fraction 
It is due to the lysozyme content of ovomucin that larger amoun s jnCU bation 
could be piepaied wuthout takmg sterile precautions and i rPOU , re the .cddi- 
of the final pioduct with virus at 38° C for seveial liours did not j 
tion of an antiseptic 
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Reduction of the inhibitory 'power of ovomucin by active virus 

An approximately 1 pei cent dispersion of ovomucin m 1 pei cent NaCl 
solution, the ovomucin concentration calculated on the basis of nitrogen deter- 
mination, was diluted 1 4 with 0 85 per cent NaCl solution, well mixed and the 
respective virus added to give a final concentration of 40 to 60 agglutinating 
doses per ml The mixture and an appropriate control were held m a water- 
bath at 37° 0 Samples were withdrawn at suitable intervals for determination 
of the residual inhibitory titre 




1'ic I — Action of active influenza wrus on the virus mhibitor of ocomucm 

X \ Type A virus (Melbourne) 

O - - O Type B virus (Lee) 

1 io — Yction of tho receptor destroying enzyme (RDE) on the virus mhibitor of o\ omucin 

The results of tv o experiments, one carried out with influenza type A (Mel- 
bourne), the other with type B (Lee), aie shown m Fig 1 As may be seen from 
the slope of the lmes, the inhibitory power of ovomucin is rapidly reduced by 
small quantities of active vims 

Reduction of the inhibitory power of ovomucin by RDE 

A corresponding technique, substituting RDE for vims and adding CaCL ni 
m/200 concentration, vas used to investigate the effect of RDE on the mlnbitoiy 
pov er of oi oniucm The final concentration of RDE m the reaction mixture 
vas 80 units per nil In order to determine the residual inhibitory titre of ovo- 
mucin, RDE lias inactivated b\ preparing the serial dilutions m 0 85 per cent 
xSTaCl solution containing 0 005 m sodium hexametaphosphate as calcium de- 
ionizing agent Fig 2 illustrates the marked decrease m inhibitor! titre of ovo- 
mucin by the action of RDE 
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Seduction of the inhibitory powei of ovomucin by tiypsm 

_ Tlie AT11Uf? haemagglutmm inhibitor of the ovomucin fraction is very sensitive 
to tiypsm action (Fig 3) The loss by tryptic digestion of the capacity of 
ovomucin to inhibit haeinagglutmation by heated Lee virus is in agreement with 
the finding that the inhibitory power of normal serum is also rapidly destroyed 
by trypsin treatment (Burnet, McCrea and Anderson, 1947 , Hirst, 194S , 
McCrea, 1948) 




Fig 3 — Action of trypsin on the -virus inhibitor of ovomucin 

Conditions To 1 0 ml of 1 per cent ovomucin dispersion (in 0 S5 per cent NaCl) added 1 I* ml 
of 0 1 ii phospliage — saline buffer (pH = 7 0), containing 4 mg crystalline tnp'un 
Temperature 37° C Samples for determination of residual inhibitory titrc withdrawn 
at 10 mm intervals 

Fig 4 — Reduction by activo Lee virus of the inhibitory titre of ovomucin with NaCl concc titration 

as the variable 

O O 0 05 ml active Lee virus added to 1 95 ml of 0 4 per cent o\ omucin di-pcr-ion 

in salme , 1-0 per cent final NaCl concentration 

X X As above, but 5 0 per cent final NaCI concentration Inactivation of viru-- 

at 06° C earned out in 5 0 per cent NaCl 

Effect of NaCl on the reduction by actne virus of the mhibitonj poucr of o> omurw 

Since the ovomucin is more easily and more uiuformh dispersed in > I> ( 1 ‘ ' nt 
NaCl than in 1 pei cent, the effect of NaCl on the virus-ovoinucm interne Mon ice 
investigated It is evident fioin Fig 4 that NaCl in > per cent conuntranoii 
markedly mhibits the reduction by active Lee vim-- of the m 11 >itor\ p'nur •> 
ovomucin 
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SUMMARY 

Of flie vanous components of lien egg-white, only ovomucin has the power to 
inhibit haemagglutmation by heated type B (Lee) influenza virus 

Ovomucin, as usually prepared, is a protein fraction rather than a single 
piotem It is always contaminated with lysozyme, m concentrations up to 15 
per cent, part of which can be made to crystallize out directly from the ovomucin 
dispersion 

The inhibitory power of the ovomucin fraction is readily reduced by active 
influenza virus types A and B, by the receptor destroying enzyme of Vibrio 
choleiae and also by tiypsin 

Sodium chloride m 5 per cent concentration inhibits markedly the reduction 
by active influenza virus of the inhibitory power of the ovomucin fraction 

We are greatly indebted to our colleague, Mr E L Erenoh, for his most valuable 
co-opeiation m determmmg by biological assay the lysozyme content of the various 
ovomucin pieparations 
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In a pievious communication Linggood and Woiwod (1948) .showed that when 
a substiam, CN 2000, of the Paik Williams (P W ) No 8 stiarri of C diphthei lac 
was giown on a weak casern hydrolysate medium designed for high titre toxin 
production, nearly all the cystine, aspartic acid, glutamic acid and thieomne, 
detectable by the use of single dimensional paper partition chromatography , 
weie utilized during toxin pioduction, but that there was an increase in the 
quantity of alanine in the culture filtrate as compared with that m the original 
medium Although the most satisfactory separation of ammo acids on the chro- 
matogram was obtained using w- butanol acetic acid as solvent, it was not found 
possible to separate glycine from serine, methionine from valme and leueme fiom 
iso-leucme, but a decrease m the intensity of the spots due to these gioups could 
be detected after the growth of the organism The results m a few instances 
were confirmed, usmg phenol and “ collidine ” as solvents 

In order to investigate more fully the nitrogen metabolism of P W 8 and to 
confirm the results obtamed by single dimensional chromatography, it was thought 
advisable to repeat the work, usmg two-dimensional paper chiomatograpli} to 
show more conclusively that, for example, the increase m the intensity of the 
alanine spot was, m fact, due to an mcrease in the quantity of this ammo acid m 
the culture filtrate and not to the production of a polypeptide moving with a 
similar R f value to alanme Two-dimensional chromatogiapliy would also 
leveal changes m the component ammo acids of some of those groups w Inch ga\ c 
a complex spot on smgle dimensional chromatograms and enable us to sepaiatc 
glycine fiom serme and glutamic acid from threonine 

The almost complete utilization of the glutamic acid m the medium ( uung 
the giowtli of the organism (Lmggood and Woiwod, 1948) led us to s uc \ ic 
relationship between the ammo acid metabolism and to\m production ' " 

particular substiam of P W 8 A compaiison was made, therefoic oi t ic toxm 
pioduction on the basic medium, with and without added g i cine or g u j 
acid At the same time, smgle and two-dimensional chroma ogr.u -> 
made of such media before and after the growth of the organism )l1 . 

of two-dimensional chromatograms of the media after grow 1 ' , j 

ume used m preface to the crude culture filtrates as ,t «.< consulcre t . <»« 
ptcsencc of piotem ftud proteose might complicate the c ironic c 
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METHODS 

Prepaiuhon of end tin e medium 

Completely hydrolysed casern was piepaied, as originally suggested to us by 
Di L I Hewitt, by autoclaving Glaxo “ Light White Soluble ” casern (1 kg ) 
with puie hydrochloric acid (850 ml ) and water (550 ml ) untd the ratio of ammo 
nitrogen, as measured by the method of Pope and Stevens (1939), to total mtrogen 
was maximal (70 per cent approximately) Under our conditions, 2 hours at 
121° C pioved necessary Ten such lots of hydrolysate were then bulked, 
diluted out to 40 lities, adjusted to pH 5 5—6 0, treated with sufficient chaicoal 
(Sutcliffe and Speakman No 5) to give a pale coloured filtrate, winch was then 
diluted to a total mtrogen content of 12 5-13 0 mg /ml and deferrated according 
to the method described by Mueller and Miller (1941) 

The medium was prepared, as suggested by Holt (1948), by diluting the defer- 
rated casern hydrolysate to a total mtrogen content of 1 0 mg /ml Cystme, 
essential nutrients (pimehc acid, nicotinic acid and (3-alarune) were then added as 
described by Mueller and Mdler (1941), and the medium, after adjustment to 
pH 7 4-7 6, was filled out mto bottles of rectangular section, 300 ml per bottle, 
to give a layer 1 0 cm deep The bottles contained varying quantities of 0 1 
per cent (w/v) PeS0 4 7H 2 0 m 1 per cent (v/v) hydrochloric acid to give a range 
of added Pe fiom 0 02 pg /ml to 0 20 pg /ml of medium This medium, 
leferred to m the text as Medium A, had a total mtrogen content of 1 0 mg /ml 
and a sodium chloride content of 0 45 per cent (w/v) 

Toxin production on Medium A was compared with that obtained when such 
a medium was fortified, firstly with 0 15 pei cent (w/v) of glycine (Medium B) and, 
secondly, with 0 29 per cent (w/v) of glutamic acid (Medium C) Both the latter 
media had a total mtrogen content of 1 3 mg /ml 

Bottles containing all three media were sterilized for 10 minutes at 115 5° C 
When cool, 9 0 ml of the maltose-CaCh mixture, prepared as described by Mueller 
and Millei (1941), -was then added to each bottle This was the amount of 
maltose which had been found optimal for toxin production on these media under 
oui conditions 

Toxin production 

The Toronto stiam of the Park Williams No S stiam of C dijrfitlieiiaev>tii> 
used tlnoughout this work, the particular substram employed bemg labelled CN 
2000 in the Wellcome Collection This organism was growm concurrently on 
Medium A Medium B and Medium C, the number of bottles being so arranged 
that there were at least four bottles at every level of added Pe for all three 
cultuie media After 8 davs at 34° C the bottles were removed from the meu- 
'batoi and toluohsed The four bottles at each level of added Pe w r ere then 
bulked, filtered and toxin estimations done on the culture filtrates by the floccu- 
lation method (Ramon, 1922 Glenny and Okell, 1924) With each of the three 
culture media that filtrate showing the highest titre toxm was then used for 
paper chromatograpliv 

Ultra filtration 

Poi two-dimensional chromatogiaphy the culture filtrates used m this woik 
weie fieecl from protein by ultrafiltration through Berkefeld type candles coated 
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■with 9 pei cent (w/v) collodion m glacial acetic acid (I C I ) The liquid passing 
tlnough such membranes was shown to be free from piotem by the addition of 
one-tenth volume of 50 pei cent (w/v) tiichloioacetic acid and also to contam no 
toxin as measured by the flocculation test aftei blending with a quick flocculating 
toxin ( Glenn y Pope, Waddmgton and Wallace, 1026) 

Paper paiirixoix ch omaioqraphy 

Single and two-dimensional papei chiomatogiams weie made of cultuie 
media, culture filtrates and ultrafiltrates of the lattei, No 4 Whatman papei 
being used throughout Foi single dimensional chi omatography w-butanol-acetic 
acid was used as solvent (Partudge, 1948), foi two-dimensional woik the same 
soh ent was used mitiaUy and then phenol as solvent foi running in a dnection 
at right angles to the first This combination of solvents did not allow us to 
separate leucine from iso-leucme oi yahne fiom metlnonme, but gave a good 
sepaiation of those ammo acids which single dimensional ehiomatogiaphy had 
shown to be of most mteiest 

It was found that the addition of 0 I pei cent (v/v) “ collidine ” to the solution 
of mnhydnn m chloroform (0 1 pei cent (w/v)) used foi spiaying the papeis gave 
a better differentiation of colour with the spots of ammo acids With such a 
reagent gtycme gave a reddish brown and serine a blue colour and so enabled us 
to detect changes m the amounts of these tu r o ammo acids even on single dimen- 
sional chromatograms, on which the}'’ both moved with neaily the same R f value 

All the two-dimensional chiomatograms shown m this papei were run, as fai 
as possible, undei identical conditions m a constant temperature loom and m 
many instances chromatograms which were to be compared weie run m the same 
tank at the same time A constant volume containing appi oximately 50 fig of 
nitrogen on a spot 1/5 inch m diametei w r as used foi each two-dimensional 
chromatogram 


RESULTS 

In Fig 2 is given the photograph of the most important part of the two- 
dimensional chromatogram of the basic medium, i e the casein hydrolysate 
diluted out to a total nitrogen figure of 1 0 mg /ml with cystine and the essential 
nutrients added, but containing no added glycine or glutamic acid (Medium A) 
In the photograph each spot has been labelled with the name of the ammo acid 
which it represented, the position taken up by each ammo acid having been pre- 
viously determmed by running under similar conditions a mixture of pure ammo 
acids It can be seen from this photograph that the strongest spot w r as due to 
glutamic acid, as would be expected from the fact that casein contains more 
glutamic acid than any other ammo acid (Block and Bolling, 1945) Likewise, 
serine and the basic ammo acids gave intense spots In contrast, the alanine 
present gave quite a weak spot and glycme, of which casein contains only 0 5 
per cent (Block and Bolling, 1945), was just visible The behaviour of aspartic 
acid on our two-dimensional chromatograms was rather abnormal for it gar c 
two spots close together As both these spots became more intense when aspai ie 
acid was added to the medium (Fig 8) it was concluded that, undei oui con i lons > 
for reasons unknown, aspartic acid ran as two spots Sinn ar eiaiiour w-i' 
aspartic acid on two-dimensional chromatograms has also een o se 
Dent (personal communication) 
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Fig 4 gives the photograph of the most important part of the chromatogram 
of the basic medium with added glycine (Medium B) , Fig 6 that of the basic 
medium with added glutamic acid (Medium C) , Fig 8 that of the basic medium 
with both glutamic and aspartic acids added 

Before preparing two-dimensional chromatograms of the media after growth, 
those culture filtrates showing the highest titre toxin on all three media were 
lunat one time on a single sheet of paper using ?i-butanol-aeetic acid as solvent, 
each filtrate m paiallel with its corresponding culture medium 

A photograph of the single dimensional chromatogram thus obtained is given 
m Fig 1 , where it will be seen that with all three culture media there had been a 
consideiable utilization of aspartic acid and an almost complete removal of 
glutamic acid during the growth of the organism An increase in the intensity of 
the alanine spot was evident with culture filtrates from Medium B and Medium C, 
but not with Medium A The disappearance, after growth, of the glycme-senne spot, 
except with Medium B where glycine had been added to the medium, suggested that 
serine might play an important part in toxin production Although not showing 
m the photograph, it was noted from the original chromatogram which had been 
sprayed with nmliydrin m chloroform (0 1 per cent (w/v)) containing 0 1 per cent 
(v/v) “ collidine ’ that the senne had disappeared during the growth of the 
oigamsm with Medium B, foi there was none of the blue colour of serine on the 
glycine-senne spot on the chromatogram of the cultuie filtrate, but only the 
l eddish biowm colour of glycine, whereas both colours were clearly visible on the 
same spot of the chromatogram of Medium B Other points of interest which 
had not been noticed before were the increase m the intensities of the tyrosine 
and phenylalanine spots after the growdh of the orgamsm As these observa- 
tions might have been due, however, to the presence of polypeptides moving 
with the same R f values as tyrosine and phenylalanine these points wall be 
investigated moie fully later 

To ensure, however, that the interpretation of such smgle dimensional chroma- 
tograms was correct, two-dimensional chromatograms were then made of the ultra- 
filtrate from each culture filtrate Photographs of the most important part of 
the chromatogram of Medium A and that of the corresponding ultrafiltrate are 
shown m Fig 2 and Fig 3 These photographs confirm the results obtained with 
this medium by smgle dimensional chromatography, as shown m Fig 1 

Likew lse, Fig 4 and Fig 5 give photographs of the chromatograms of Medium 
B which was the medium studied m our original paper (Lmggood and Woiwod, 
194S), and its corresponding ultrafiltrate, and present a similar picture to that 
for Medium A, except that the added glycine had not been completely utilized 
and that there had been an increase m the amount of alanine in the ultrafiltrate 
compaied with that m the original culture medium Thus the observations 
leported previously (Lmggood and Woiwod, 1948) have been confirmed by two- 
dimensional chromatography 

Similarly, Fig 7 gives the photograph of the ultrafiltrate of the culture filtrate 
from the cultuie medium to which additional glutamic acid had been added 
(Medium C) aud should be compared, therefore, with Fig 6 It will be seen tha 
the whole of this not inconsiderable amount of added glutamic acid had dis- 
appeared completely during toxm production and that there had been a comple e 
elimination as fai as could be detected by papei chromatography, of the slower 
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moving ammo acids m the solvents used with the exception of the basic ammo 
acids and alanine, the lattei showing an increase aftei giowth 

The relative toxin production obtained on these three cultuie media is given 
m Table I All Lf values quoted aie those obtained with the optimal amount 

Table I — Showing the Relative Toxin Pioduction with CN 2000 on Casein Hydio- 
hjsale Media with and without Added Glycine 01 Glutamic Acid 


Number 

Medium A 

Medium B 

Medium C 

Lf umts/ml 

Lf umts/ml 

Lf umts/ml 

L 561 

59 

65 


L 566 

60 

61 

89 

L 570 

67 


100 

L 672 

61 

61 


L 573 

65 

66 


L 574 

66 

61 

93 

L 576 

65 

72 

104 

L 582 

• » 

82 

104 

L 587 


76 

97 

L 588 

* 

80 

92 

L 595 

70 

7h 

96 

L 596 


90 

112 

L 602 

86 

89 

116 

L 605 

62 

61 

96 

L 607 

64 

80 

86 

L 609 

82 

103 

114 

L 611 

75 

92 

104 

L 620 

70 

86 

106 


Medium A Casern hydrolysate medium (total nitrogen =10 mg /ml ) 

Medium B Casein hydrolysate medium fortified with 0 16 per cont glycine (total nitrogen = 1 3 
mg /ml ) 

Medium C Casein hydrolysate medium fortified with 0 29 per cent glutamic acid (total nitrogen = 
1*3 mg /ml ) 

of Fe added to the medium From this table it will be seen that the lowest 
toxin production was with Medium A, while Medium B gave sometimes, but not 
invariably, appreciably higher toxm titres With Medium 0, liowevei, high 
titre toxin (100 Lf units/ml Az 10 Lf umts/ml ) was obtamed moie consistent^ 
than with Medium B It was noted, too, that with our strain of P W 8 the 
growth of the orgamsm was usually better on Medium C than on Medium A oi 
on Medium B, and smee this work was done, bulk batches of toxin have been 
produced using Medium C having titres from 85-110 Lf umts/ml It was found 
that the pH of the culture during growth was maintained nearer to pH 7 0-7 5 
with Medium C than with either Medium A oi B, both the latter having a pH at 
the end of growth usually between pH 6 0—6 5 When, however, less maltose 
was added to either Medium A or Medium B in an attempt to obtain a Jug iei 
pH during growth, lower titre toxins were produced 

DISCUSSION 

The results obtamed indicate quite clearly the value of paper partition chroma 
tography m a study of diphtheria toxm production on weak casein wclio 
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medium, for not only lias tins technique served the practical purpose of increasing 
the toxin production with our strain of P W 8, but it is felt that the results are 
of considerable theoretical interest, pointing, among other things, to the importance 
of glutamic acid m the nitrogen metabolism of C diphtheriae as has already been 
demonstrated for other organisms (Gale, 1948) 

It is appreciated that small differences of the order of 5 per cent m the quan- 
tity of any ammo acid on a single dimensional chromatogram cannot be detected 
by inspection, but it has been shown by Woiwod (unpublished observations) that 
with glycine and glutamic acid diffeienees of 20 per cent are quite obvious by 
inspection, especialty when the materials under examination are run side by side 
on the same sheet of paper 

It is felt, therefore, that any difference m the chromatogram of the medium 
before and aftei the growth of the organism does mean that an appreciable 
change has occurred in the ammo acid content of the medium during toxin pro- 
duction On the other hand, because no difference can be detected m the inten- 
sity of the spot of a certain ammo acid on the chiomatogram of the medium 
befoie and after growth, it does not mean that that ammo acid has not been 
utilized at all dui mg growth, but only that the change, if any, taking place is 
not sufficient to be seen by inspection of the chromatogram It is intended, at 
a later date, to obtain, by the method developed by Woiwod (1948a, 19486) for 
the micro estimation of ammo nitrogen, quantitative figures for the changes 
v Inch occui in the content of various ammo acids, separated from the medium by 
paper chiomatogiaphy, before and after toxin production 

Nitrogen estimations on the washed organisms, at the end of the growth period 
on Medium C, at the lion optimum for toxin production, gave a figure of 100 mg 
of bacterial nitrogen per culture bottle of 300 ml of medium The nitrogen 
content of the umnoculated medium was 1 3 mg /ml , i e 390 mg per bottle 
Hence the mtiogen content of the washed organisms represents 26 per cent approxi- 
mateh of the nitrogen content of the original medium Similarly, estimations 
of the protein mtiogen content of the culture filtrate gave a figure of 35 mg of 
protein pci cultuie bottle, i e 9 per cent approximately of the nitrogen content 
of the original medium appears m the culture filtrate as pro tern nitrogen 


EXPLANATION OF PLATES 

Tic 1 — hmglo dimensional cliromntograms of Medium A, Medium B and Medium C run in 
parallel with thoir corresponsing culture filtrated vntli ?i butanol-acetic acid as solvent 
Ke\ to amino acids in this cliromatogram (b) basic ammo acids, ie lysine, arginine and 
lustidme , (c) aspartic acid , (d) glycine and serme group , (/) glutamic acid and threonine 
group, (It) alanine, (A) prolrno , (/) tyrosine , ( 11 ) \ almo and methionine group, 

(o) phem lalanme , (p) leucine and isoleucme group 

Fjg 2 — Two dimensional chromatogram of Medium A 

ITo .{ — Two dimensional chromatogram of ultrafiltrate of culturo. filtrate from Medium A 

Fie 4 — Two dimensional cliromatogram of Medium B 

Fu 5 — Two dimensional chromatogram of ultrafiltrate of culture filtrate from Medium B 

Tn 0 — Two dimensional chromatogram of Medium C 

1 xe 7 — Two dimensional chromatogram of ultrafiltrate of culture filtrate from Medium C 

Pir s — Two dimensional chromatogram of basic medium with both glutamic and aspartic 
acids ndded 

Fic 0 — Complete two dimensional chromatogram of hvdrohsato of washed organisms of 
P \\ S 

Fir 10— Complete two dimensional chromatogram of hjdrolvsate of protein present in 
culture filtrate from Medium C (200 pg X taken for analvsis instead of oO pg X ns with 
other two dimensional chromatograms) 
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The nitrogen content of the added glutamic acid m Medium 0 is 0 3 mg /ml , 
l e 90 mg per culture bottle of 300 ml of medium This figure does not, however, 
represent the whole of the glutamic acid nitrogen in the completed medium for 
there is some glutamic acid in the casern hydrolysate which constitutes the basic 
medium From the figures given in Block and Bolling (1945) for the ammo acid 
composition of casern, it can be calculated that m 300 ml of Medium C there is 
an additional 40 mg approximately of glutamic acid nitrogen due to the casern 
hydrolysate, making a total of 130 mg of nitrogen due to glutamic acid in one 
bottle of Medium C 

It will be seen, therefore, if all the glutamic acid disappears from the medium 
during the growth of the organism, as would seem highly probable from our 
chromatograms, the nitrogen content of the glutamic acid which disappears is of 
the same order as the combmed mtrogen content of the organisms and protem 
excreted during growth Fig 9 gives a photograph of the two-dimensional 
chromatogram obtained by running the hydrolysate of washed organisms and 
Fig 10 that by running the hydrolysate of the protem m the culture filtrate 
It will be seen from both these photographs that glutamic acid is by no means the 
major ammo acid constituent present m either of these hydrolysates It is 
probable, therefore, that much of the glutamic acid which disappears from the 
medium during the growth of the organism is not used solely as a “ building 
brick ” m the production of protem, but is changed mto other substances by the 
enzymes of the growing organism It is quite possible that among such enzymes 
is a transaminase as originally suggested by us (Lmggood and Woiwod, 1948) to 
account for the increased quantity of alanine m the culture filtrates Experi- 
ments are now m progress to see whether it is possible to detect the presence of a 
transaminase m washed suspensions of the organism which is capable of con- 
verting glutamic acid into alanine m the presence of a keto acid (Darling, 1945) 


SUMMARY 

Single and two-dimensional paper chromatograms have been made of three 
casern hydrolysate culture media before and after the growth of our strain of the 
Park Williams No 8 strain of G diphthenae These three culture media were 
designed for high titre toxin production , Medium A consisted of deferrated casein 
hydrolysate diluted to a total mtrogen figure of 1 0 mg /ml with cystine and 
essential nutrients added, while Medium B had an additional 0 15 per cent 
glycme and Medium 0 an additional 0 29 per cent glutamic acid added Toxin 
production was lowest with Medium A, usually somewhat better with Medium B, 
but Medium C gave more consistently high toxin titres of 100 Lf units/ml ± 10 
Lf units /ml and showed the most marked changes in the chromatograms of the 
medium before and after growth, all the cystme, aspartic acid, serine and glutamic 
acid, detectable by paper partition chromatography being utilized during toxin 
production, while the amount of alanine in the culture filtrate increased as com- 
pared with that m the culture medium before growth 

Similar changes were noted with Medium B except that the added glycine 
was not completely utilized Thus our original observations (Linggoo an 
Woiwod, 1948) have been confirmed by two-dimensional chromatograp y ss 
marked changes were observed with Medium A 
8 
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A considerable amount of work has now been done on antibacterial sub- 
stances produced by sporrng organisms of the genus Bacillus This work is 
summarized by Florey, Cham, Heatley, Jennings. Sanders, Abraham and Florey 
(1940) 

Using the cross streak technique, Gilhver (1947, unpublished) showed that B 
lalcrosporus (Gibson, No 1066), when grown on the surface of a Lemco Agar 
plate produced a diffusible substance which inhibited the growth of a number of 
organisms An account is given below of two antibiotics that have been called 
laterosporm A and B produced by this stram of B laterosporus 

EXPERIMENTAL 

Assay and unit of adnily 

Activity was assayed by the cylinder plate method described by Abraham, 
Cham, Fletcher, Florey, Gardner, Heatley and Jennings (1941) Laboratory 
strains of Myco plilci, C xerosis and Staph aureus (H stram) were used as test 
organisms A dry preparation of the hydrochloride of laterosporm A was adopted 
as an arbitrary standard — 1 mg being taken to contam 10 units One unit per 
nil was found to produce inhibition zones of 14-1S mm under the conditions of 
the assay used 
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The curve relating the concentration of laterosponn A to the diameter of the 
zone of inhibition flattened considerably at concentrations above 1 unit per ml , 
and for all routme assays the test solutions were diluted to give values below 
1 unit per ml It was also found necessary to make a standard curve for each 
assay plate, and assays were carried out m duplicate against at least two of the 
test organisms 


Medium, and conditions of culture 


For routme antibiotic production the organism was grown m the following 
medium — glucose 0 5 per cent, yeast extract (centrifuged water extract of dried 
autolysed yeast) contributing 0 5 per cent soluble sohds, KH^PCh 0 05 per cent, 
IGHPC^ 0 05 per cent, (NH 4 ) 2 S0 4 0 5 per cent, made up with tap water, pH6 6 
The glucose and yeast extract, diluted with tap water, were autoclaved at 1 
atmosphere for half an hour m 1 litre quantities in glass culture vessels, the medium 
having a depth of 40 mm A solution of 20 per cent (NH 4 ) 2 S0 4 , 2 per cent 
KiyPC^, and 2 per cent IL,HP0 4 , was autoclaved separately and 25 ml added to 
each vessel before inoculating with 0 5 per cent of a 2-day culture of the organism 
m Lemco broth 

The vessels were incubated for 3-4 days at 37° C The organism grew 
throughout the medium and foimed a fairly thick, but easdy dispersed pellicle 
which partly covered the surface Spores were seldom formed Approximately 
1 unit per ml was produced The final pH of the medium was 5 8-6 0 When 
grown in 20 mm layers the activity per ml was slightly higher, but for the 
routme preparation of 50 or 100 litre batches it was easiei to work with 1 htre 
of medium in a vessel 


Before the medium described above was evolved a number of experiments 
were earned out in order to obtain as simple a medium as possible both for 
preparation and extraction purposes 

Phosphate s — The addition of phosphate was found to be necessary for optimal 
growth and activity However, 0 05 per cent KfL,P0 4 with 0 05 per cent K^HPCh 
gave a higher activity than 0 1 per cent KH^PC^ with 0 1 per cent IL,HP0 4 If 
the phosphates were autoclaved with the yeast extract and the glucose, a heavy 
precipitate came down, probably due to reaction with the Ca and Mg ions m the 
tap water Growth and production of antibiotic was poor in tlus medium 

Glucose — In early experiments the glucose was sterilized either by filtration 
or by separate autoclaving When the glucose was autoclaved with the yeast 
extract at pH 6 6 growth and production of antibiotic were delayed about 24 
hours, but the maximum growth and production of the antibiotic were not 
significantly different from those m controls in which the glucose was added sepa- 
rately Autoclaving the yeast extract with the glucose at higher pH values (7 0 
and 7 5) delayed growth and production of antibiotic still further Glucose was 
found to be necessary for optimal antibiotic production, but no significant 
difference could be detected between the potencies of the active liquors produced 


with 0 5 per cent and 2 per cent glucose 

Nitrogen — Increasing the yeast extract to 1 per cent m the medium did no 
improve growth or activity The yeast extract could be replaced by 1 per cent 
Evan’s peptone without loss of activity Stansly , Schlosser, Ananenko anc Coo ' 

(1948) reported that the addition of 2 per cent (NH 4 ) 2 S0 4 to a Difeo yeast extract, 
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glucose and inorganic salts medium, greatly increased the yield of polymyxin 
without an increase m the growth of the organism as compared with the growth 
in the control medium with no (NH 4 ) 2 S0 4 To determine the effect on the pro- 
duction of laterosporm, sterile solutions of (NH 4 ) 2 S0 4 were added to the medium 
to give a final concentration of 0 5 per cent and 1 per cent The addition of 0 5 
per cent (NH 4 ) 2 S0 4 doubled the amount of antibiotic produced A slightly 
higher activity was given by 1 per cent than by 0 5 per cent Although there 
did not appear to be any significant difference m total growth, the organism grew 
faster m the presence of (NH 4 ) 2 S0 4 and the maximum activity was reached earher 
Autoclaving (NH 4 ) 2 S0 4 with the yeast extract and glucose resulted m slightly 
lower activity 

Exh action 

The culture fluid containing approximately 1 unit per ml of activity was 
acidified to pH 2 0, and was either allowed to settle overnight or was centrifuged 
to remove cells and debris The pH of the supernatant liquor was raised to 
6 6-7 0 and the active material adsorbed on to 0 6 per cent charcoal (Farnell, 
Grade 14, neutral) The charcoal was eluted by shaking vigorously with a 
mixture of 2 parts butanol and 3 parts n/ 5 HC1, the quantity used being l/20tli 
of the volume of the original culture fluid Almost all the activity eluted from 
the charcoal was concentrated m the butanol layer, not more than 2 units per ml 
remaining m the acid layer The method of elution from charcoal with a two 
phase system of butanol and HC1 was first used successfully with Ayfivm by 
Arriagada, Abraham, Sharp, Savage, Sharp and Heatley (unpublished, 1949) The 
acid layer was discarded The laterosporm was recovered from the butanol layer 
by shaking with 2 volumes of ether and l/5th volume of water The water 
concentrate w as adjusted to pH 6 S-7 0 and filtered 

The concentrate was cooled and laterosporm picrate precipitated by the addi- 
tion of an excess of saturated aqueous picric acid solution The picrate was 
dried m a vacuum desiccator, ground to a fine powder, and converted to the hydro- 
chloride bj suspension in ethyl alcohol containing 6 per cent acid Not all the 
picrate w ent into solution , the insoluble portion was centrifuged off and resus- 
pended m more acid alcohol This process was repeated until the colour of the 
alcoholic solution remained unchanged 

The acid alcohol extracts were combined and treated with dry ether until 
no moie precipitate came down The precipitate was washed in ether and dried 
iv i onto The light brown powder so formed had an activity of about 10 5 units 
per mg and was called laterosporm A The lemaming material, which was 
insoluble m acid alcohol, was washed with ether and dried It was a yellow 
powder having an activity of about 12 G units per mg and was called latero- 
sponn B It could be freed from any insoluble material by dissolving m n/ 100 
HC1 containing 0 5 per cent NaCl and extracting with butanol The active 
material was precipitated from the butanol layer by the addition of ether and 
dried to form a cream coloured powder The activity of this material was 
approximately 11 G units per mg , so did not differ significantly from the original 
laterosporm B 

About 25-30 per cent of the active substances were usually recovered by the 
above process, but yields up to 50 per cent have been obtained The ratio of 
laterosporm A to laterosporm B varied, but the average ratio was 1 15 
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Chemical properties ' ' 

No evidence is yet available of the purity of the preparations of laterosponn 
A or B 

Laterosponn A — This appeared to be of a peptide nature After hydrolysis 
with 5 n HC1 in a sealed tube at 1 10° C , a preliminary analysis by paper chromato- 
graphy indicated that it contained a number of different ammo acids 

Laterosponn A was not destroyed by trypsin A solution m water of 1 unit 
per ml lost no significant activity when heated at 100° C for half an hour between 
pH’s 2 0 and 8 0 

Moderate solubility at pH 2 0 decreased with increasing pH to 9 0, where it 
was only sparingly soluble Partition experiments with equal volumes of butanol 
and an aqueous phase showed that m n/ 100 HC1 only about 25 per cent of the 
activity entered the butanol layer, but that with 0 05 per cent NaCI present 66 
per cent went into the butanol and with 0 5 per cent NaCl all the activity was 
extracted into the butanol layer ' 

The substance was not extracted from water at any pH by ether, chloroform, 
or amyl acetate 

Laterosponn A dialysed through a cellophan membrane 

Laterosponn B — The few observations made indicated a very close resemblance 
of laterosponn A to laterosponn B Laterosponn B was soluble m water and 
the activity of the hydro chlonde agamst the standard test organisms was of a 
similar order to that of laterosponn A Laterosponn B also showed similar 
properties with regard to partition into butanol m the presence of NaCl Pre- 
liminary examination of the acid hydrolysed product by paper chromatography 
did not reveal any differences m the chromatogram compared with that of 
laterosponn A 

Laterosponn B was, however, insoluble m absolute ethyl alcohol m contrast 
to laterosponn A, which was soluble 

Antibacterial activity 

The sensitivity of a number of organisms to laterosponn A and B was deter- 
mined by a senal dilution method m broth Solutions of the hydrochlondes were 
sterilized either by filtration through a sintered glass bactenological filter or by 
heatmg in N / 20 HC1 at 97° C for half an hour The solutions were diluted m two- 
fold series and the ddutions added to nutnent broth Ten per cent of serum was 
present for the streptococcus and C diphthenae The tubes were inoculated 
with an overnight broth culture undiluted or diluted up to 1000 times After 
overnight incubation the end-pomt was read as that concentration of latero- 
sponn which completely inhib ited growth Further incubation for up to three 
days did not increase the inhibitory concentration more than two-fold The 
results obtained are shown in Table I No significant difference could be detected 
m the antibactenal activity of laterosponn A and B 

Assays against Myco tuberculosis human type, strain PN,m Dubos medium 
showed partial inhibition at 1 unit per ml with both laterosponn A and B after 
incubation for 7 days This test was performed by Dr A Q Wells 

A decrease in the size of inoculum with Staph aureus (H strain) from an 
undiluted broth culture to a 1/1000 dilution decreased the inhibitory concentra- 
tion fourfold at 16 hours and twofold at 48 hours 



104 


ELLA M BARNES 


The addition of 50 per cent horse serum to solutions of laterosponn A and B 
reduced the activity to half its original value No further loss of activity occurred 
after incubating the solutions for 4 hours at 37° C 

Table I 

Concentration of laterosponn in units /ml 

Species of Organism which totally inhibited growth m 16 

hours 



Laterosponn A 

Laterosponn B 

Staphylococcus aureus (H strain) 

0 01 

0 01 

Streptococcus pyogenes Group A 

0 12 

0 12 

J9 J J 

0 12 

0 12 

Ji >) 

0 06 

0 03 

Corynebactenum diphthenae var gravis 

0 12 

0 12 

,, xerosis 

0 005 

0 003 

Mycobacterium pMei 

0 0008 

0 0004 

„ smegmatis 

10 0 

10 0 

,, tuberculosis human type 

*1 0 

*1 0 

(partial) 

(partial) 

Salmonella iyphx 

0 6 

0 6 

„ ententidis (Gaertner) 

1 2 

2 6 

Bacterium coh 

0 6 

0 6 

Pseudomonas pyocyanea 

5 0 

10 0 


* Grown in Dubos medium for 7 days 


SUMMARY 

An antibiotic produced by a strain of B laterosporus has been mvestigated 
A method is given for the production, extraction and partial purification of the 
active material Some chemical properties are described and evidence presented 
for the existence of two separate though closely related substances which have 
been named laterosponn A and laterosponn B Antibactenal activity has been 
demonstrated against several groups of organisms ' 

I am indebted to Prof Sir H W Florey and Dr E P Abraham for advice 
and encouragement, and to Dr M A Jennings for supervising the senal dilution 
tests and for reading the manuscript, to Miss M Bond for technical assistance 
with the dilution tests, and Miss J Davidson for general technical assistance 

The work lias been earned out while holding a personal grant from the Medical 
Research Council who have also contnbuted towards the expenses of materials 
and technical assistance 
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In a previous publication (Govan and Parkes, 1946) it was shown that the 
administration of ammonium chloride to rabbits caused acidosis and ultimately 
death of the animals Widespread necrosis of the renal tubules occurred, sug- 
gesting that death might be due to uraemia In certain respects, however, the 
biochemical changes were atypical, and did not fit into the syndrome usually 
shown in acute experimental nephrosis In almost all cases of experimental 
nephrosis recorded there has been a marked reduction in the output of fluid and 
a retention of urea This has been reported in the case of poisoning by uranium 
(Frothmgham, Fitz, Pohn and Dems, 1931), tartrates (Underhill, Wells and 
Goldschmidt, 1913), oxalates (Dunn, Haworth and Jones, 1924), unc acid (Dunn 
and Poison, 1926), and by mercury (McNider, 1918) After administration of 
ammonium chloride the blood urea rose, but the highest recording was 173 mg 
per cent, and the urinary output of fluid and mtrogen remained high These 
results resemble those found by Fohn, Karsner and Dems (1912) in animals 
poisoned by chromates and canthandm It was suggested at the time that the 
relatively low blood urea values obtained after ammonium chloride might be due 
to the maintenance of fluid output, smce Dunn and Jones (1925) have shown that 
intra-pentoneal injections of sodium chloride increased the fluid output and 
decreased the blood urea in rabbits rendered nephritic by oxalates It is interest- 
ing to note, however, that Underhill, Wells and Goldschmidt found that the urea 
output was ml, although fluid was being excreted by ammals poisoned by tar- 
trates 

That there is some connection between acidosis and renal damage is suggested 
by the reports of diminished plasma C0 2 combining power after administration 
of proved nephritic agents, such as uranium (Goto, 1917), canthandm, arsenic, 
diphtheria, chromates (Goto, 1918a, 19186) and mercury (McNider, 1918 , Ogilne, 
1932) Goto (1918a, 19186) found retention of chlondes and urea as well as 
acidosis m these cases, and the administration of sodium bicarbonate by mouth 
lessened the severity of the changes 

It seemed worth while therefore to pursue the study of severe acute acidosis 
with the hope of eliciting further information regarding the cause of death of 
these ammals and the relationship between acidosis and kidney function In the 
experiments to be descnbed it was decided to use calcium chloride, since m our 
previous work it was impossible to eliminate the ammonium ion as a possi > e 
factor m the cause of death 
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METHODS 

Experimental 

Preliminary experimentation showed that doses of a mm onium chloride and 
calcium chloride containing equivalent amounts of chlonne produced widely 
varying results It required a relatively greater dose of calcium chloride to 
produce changes similar to those obtained with ammonium chlonde With the 
ammomum salt toxic changes resulting in death of the labbit wit hin four days 
were produced with a dose of 0 76 g per kg , but it required a dose m excess of 
2 g per kg of calcium chlonde to do this 

Twelve rabbits were used in the experiment These were housed m unne 
cages Pood consisted of moist bran and oats fed m bird-cage feeding boxes 
Urines were collected daily for the estimation of urea, chlondes, phosphates, 
ammonia and pH Routine tests for albumen were earned out The animals 
v ere maintained on this simple diet for a week, blood being withdrawn every 
second day foi analysis 

At the end of the week calcium chlonde m a 10 pei cent solution was adminis- 
tered daily by stomach-tube Two animals received 1 6 g per kg , two received 
1 8 g per kg , two received 2 2 g per kg and six received 2 5 g pei kg Blood 
and urme examinations were carried out as above 

Chemical 

Urinary and blood uiea values were estimated by the hypobromite and urease 
methods respectively The usual Volhard technique was employed for chlondes 
Kuttner and Lichtenstein’s (1930) method was used for the estimation of phos- 
phates Ammonia levels were found by the aeration method The apparatus 
used vas that described by Van Slyke and Cullen (1916) It consisted of three 
corked Pyrex boiling tubes connected in senes by glass and rubber tubing so that 
air could be sucked through them by means of a water pump attached to Tube 3, 
the inlet being at Tube 1 Tube 1 contained 6 per cent sulphuric acid m order 
that traces of ammonia in the atmosphere could be removed as the air bubbled 
thiough the acid before leaclnng Tube 2 containing the blood and reagents 
Tube 3 contained 25 c c of 0 02 x hydrochlonc acid Blood was then collected 
under liquid paraffin Pive ml of blood were placed in Tube 2 One drop of 
capn he alcohol and 4 or 5 g of potassium carbonate were added to the tube, 
v Inch was corked and then shaken gently to mix the contents A slow current 
of air vas then drawn through the tubes for 2 or 3 minutes, followed by a rapid 
current for 15 minutes At the end of this time the excess acid in Tube 3 was 
titrated with 0 02 x sodium hydroxide, and the necessary calculations made from 
the titration figure Blank determinations on the reagents were made on occasion 
to eliminate the possibility of ammonia being present as an impurity Serum 
calcium was determined, using the method of Kramer and Tisdall (1921) as 
modified by Tisdall (1923) 

Histological 

Formol sahne was used as a routine fixative for paraffin and frozen sections 
Representative specimens for the demonstration of glycogen and phosphatase 
were fixed in alcohol Sections were stained by haematoxyhn and eosm, Masson’s 
fnchrome method, D unn ’s aniline blue Orange G method, Gomon’s method for 
alkaline phosphatase, Best’s carmine stain for glycogen and Sudan IV 
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RESULTS 

During the first week prior to calcium chloride administration the animals 
appeared to be healthy Urinary volume was high at the beginning In six 
animals it fell shghtly during the first two or three days of the new diet, but rose 
or remained steady thereafter Urea output was roughly parallel to water excre- 
tion, although the curve was always much flatter and changes in the curve were 
delayed The excretion of phosphate rose steeply, while chloride output fell 
Urinary pH fell gradually , blood analysis showed that urea, chlorides, hpoids, 
ammonia and pH were all within normal limits The C0 2 combining power of 
the blood was lower than usual, but still within normal limits This appears to 
be due to the absence of greens m the diet This feature was noted in our previous 
experiments with ammonium chloride Serum calcium and phosphorus were 
higher than usual, but the Ca P ratio was normal 

In then reaction to calcium chloride the animals formed two distinct groups 
comprising (a) all animals receiving 1 5 to 1 8 g per kg plus one ammal receiving 
2 2 g per kg , and (6) all animals receiving 2 5 g per kg plus one animal receiving 
2 2 g per kg 


Group 1 

Five animals — four receiving 1 5 to 1 8 g calcium chloride per kg and one 
receiving 2 2 g per kg 

All of the animals m this group were killed on the 5th day of the experimental 
period During the first four days of this period the animals showed no signs 
of toxaemia, ate their food and appeared to be healthy m every way 

Dunng the first 24 hours the urinary volume diminished Urea excretion 
ran almost parallel with the output of water, but although the volume of unne 
was increased at the 48-hour penod there was a 24-hours’ delay m the rise of urea 
exoretion Both were increased at 72 hours, but at 96 hours the urea output 
tended to fall although water excretion remained high The excretion of phos- 
phates increased shghtly during the first 24 hours, but fell moderately although 
progressively thereafter Chlorides, naturally, showed a steeply nsmg curve 
Unnary pH fell rapidly and remained round 5 Albuminuria occurred m all 
cases as soon as the pH fell below 6 

The most marked change in blood chemistry was a fall m C0 2 combining power 
Prior to the experimental penod the average normal C0 2 combining power was 
approximately 40 volumes per cent After calcium chloride the average was 
13 5 volumes per cent At the same time the plasma pH was reduced slightly 
Urea was shghtly increased , blood cholesterol was almost doubled, and cldondes 
increased by 25 per cent Calcium and phosphorus were shghtly mcreased and 
the blood hpoids remained normal Table I shows a comparison of average values 
before and after administration of calcium ehlonde 


Table I 



Blood urea, 
mg / 

100 ml 

CO, c p , 
vol / 

100 mL 

pH 

Cl . 
mg / 

100 ml. 

Serum 

Ca mg I 
100 ml 

Serum 

P mg/ 
100 ml 

Cholesterol 
me / 

100 mL 

Lipoids, 
me / 
100 ml 

AmroonJj 
mg / 
J00 ml 

Before 

42 1 

40 

7 19 

594 

12 0 

3 76 

43 6 

0 14 

0 

After 

57 7 

13 5 

6 S 

742 

13 3 

4 25 

70 

0 13 

0 
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The graph in Fig 1 shows the detailed changes in Animal 2, which is repre- 
sentative of the group All of these animals were killed at the beginning of the 
5th day of the experimental period by a sharp blow on the back of the neck At 
post-mortem the appearances were similar in all cases The lungs were emphy- 
sematous, but showed a few congested areas of collapse No change could be 




Fio 1 — Gmplis illustrating the effect on Animal 
2 of ndmimstcnng 1 5 g calcium clilondo per 
hg for 4 dais The animal was killed on the 
5th dav 


Fig 2 — Graphs illustrating the effect on Animal 
S of administering 2 5 g calcium chloride per 
kg for 4 dajs The animal died on the 5th 
dav 


seen m the heart The hver was slightly paler than normal, but the spleen 
show ed no abnormality A distinct zone of pallor was present at the junction 
of the renal cortex and' medulla Pieces of tissues were taken from all the organs, 
and fixed and stamed as detailed under methods 
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Histology 

Lung — There was marked dilatation of most of the alveoli, but occasional 
small areas of collapse were present These areas of collapse were frequently in 
association with fat emboli, but emboli could also be seen m the emphysematous 
portions The number of fat emboli varied m different parts of the lungs, but 
averaged approximately five per field viewed through a 2/3 m objective A 
marked accumulation of polymorphonuclear leucocytes mainly of eosmplnl type 
was present in the alveolar capillaries, and near the fat emboli these leucocytes 
appeared to form solid nodules In one case haemorrhage had occurred into 
alveoli and bronchi, and free fat globules could be seen m the latter 

Myocardium — No abnormality could be seen in ordinary paraffin sections of 
the myocardium Glycogen was diminished, but most fibres still contained a 
small amount Tine fatty globules were present m the myocardial fibres of one 
animal, but the remainder were normal 

Liver — No gross abnormality could be seen in paraffin sections, but in some 
parts the hepatic cells contamed collections of greenish-brown granules Best’s 
carmine stain revealed small deposits of glycogen m the cells surrounding the 
central veins Tme droplets of fat were present m the Kupfer cells of the outer 
and mid zones, and occasionally the parenchymatous cells of the same areas 
showed a similar change 

Kidney — The glomeruli seemed to be larger than normal and m many cases 
slight adhesions appeared to have developed between the tufts and Bowman’s 
capsule Pronounced catarrhal changes were present in the first convoluted 
tubules Distal to this the nephron was dilated and the epithelium of the ascend- 
ing Henle limb and second convoluted tubule was flattened 

Group 2 

Of 7 animals, 6 received 2 5 g calcium chlonde per kg and one received 2 2 g 
per kg 

Tive of these animals died on the 5th day of the experimental period The 
remaining two animals, including that receiving 2 2 g of calcium chlonde per kg , 
were comatose on the same day and were killed All ammals exhibited similar 
symptoms during the last 24 hours They became progressively drowsier, 
gradually losmg the power of their limbs and repeatedly falling over Tmally 
they became comatose and died 

During the first 24 hours of calcium chlonde administration urinary volume 
diminished as m Group 1 Likewise they increased during the second 24-hour 
period, but by 72 hours they had begun to fall and this fall continued up to the 
time of death The excretion of urea ran roughly parallel with that of water, 
but the nse m urea output at 48 hours did not correspond with the increase m 
volume Phosphate showed a progressive fall from its previously high level 
Chlondes fell initially, then rose steeply, but during the last 24 hours the output 
fell once more The pH, at first reduced, rose, and during the last 2 days vas 
always above 8 0 

In all cases the blood urea rose and the average was around 100 mg per 
ml before death A marked acidosis was present, and the C0 2 com hmng P°" er 
of the blood was reduced to 16 volumes per cent The pH of the i ooc c oppe , 
but the fall was no greater than in Group 1 Chlondes increase as e or 
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Serum phosphorus was doubled and serum calcium also mcreased The Ca P 
ratio was almost halved Cholesterol showed a marked increase, almost 200 
per cent, and plasma hpoids were augmented by almost 500 per cent Table II 
gives a comparison of the average blood values of this group with that of normals 


Normals 
After CaCl, 


Table II 


lood urea, 

CO, c p , 


Cl, 

Serum 

Serum 

Cholesterol, 

Lipoids, 

Ammonia, 

mg / 

voL / 

pH 

mg / 

Ca , mg / 

P mg./ 

mg / 

mg ! 

mg / 

100 ml 

100 ml 


100 ml 

100 13 

100 ml 

100 ml 

100 ml 

100 ml 

42 1 

40 

7 19 

594 6 

12 0 

3 76 

43 6 

0 14 

0 

92 

16 

7 00 

752 6 

16 2 

8 1 

116 0 

0 G 

5 35 


The graph m Fig 2 shows the changes in Animal 8 At post-mortem the 
changes were very similar to those seen in Group 1 The depressed, congested 
areas of collapse m the lung were more numerous but smaller Marked emphy- 
sema was present in the intervening lung tissue The hver showed a generahzed 
pallor and the lobular markings were blurred There was well-marked enlarge- 
ment of the kidneys The cut surface showed a distinct bulging zone of marked 
pallor at the junction of cortex with medulla The cortex also showed pallor, 
but the medulla was congested No abnormality could be seen m the other 
organs 


Histology 

Lung — Aieas of collapse were much more frequent m this group Fat 
emboli weie present, but were, on the average, only slightly more frequent than 
m Group 1 There was marked dilatation of the pen- vascular lymphatics, wluok 
contained free fat globules Nodes of eosinophil reaction were numerous (Fig 
3) A few alveolar haemorrhages were present and many of the alveoli contained 
macrophages, some of which had foamy cytoplasm In one case a slight fibrinous 
exudate was present on the pleural surface adjacent to an area showing haemor- 
rhage, oedema and collapse 

Myocaidnnn — Fine fatty degeneration was present m all cases Practically 
no gl\ cogen remained, and the alkaline phosphatase reaction was negative 

Liter — Glycogen was greatly diminished, but not entirely absent A few 
granules could still be seen m the cells surrounding the central vem Focal 
degenerative changes were present m the mid- zones of most lobules (Fig 4) 


EXPLANATION OF PLATES 

Fig 3 — Section of lung from Animal 7, Group 2, showing a solid node of eosinophils in an 
inter aU eolar septum H and E x 340 

Fig 4 — Section of h\ er from Animal S, Group 2 Note the islands of necrotic cells showing 
hvpercliromntic nuclei H and E x 85 

Hg 5 — Section of liver from Animal 9, Group 2, showing areas of degeneration with karyolysis 
of nuclei H and E x 300 

Fig 0 — Section of liver from Animal 9 f Group 2, showing bmucleate and tnnucleate cells 
H and E ^ 340 

Fir 7 — Section of liver from Animal 11, Group 2, showing greenish brown granules m cytoplasm 
of cells H and E X 380 

Fig S Section of hidnej from Animal 9, Group 2, showing degeneration of cells of descending 

portions of first convoluted tubules H and E X 340 

Fig 9 Section of hidner from Animal S, Group 2, showing dilatation of ascending hmb 3 of 

Henle H and E X 85 

Fig 10 —Section of kidney from Animal 10, Group 2, showing pyknosis m tho cells of the broad 
ascending limbs of Henle H and E X 250 
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it rose almost to 6 mg per 100 ml The cause of this mcrease is not quite clear 
It is possible that it represents an attempt to neutralize the acidosis, but in the 
present series the blood ammonia was only mcreased in the second group of 
annuals, although the degree of acidosis as determined by the C0 2 combining 
power of the plasma was no greater than m Group 1 A further proof that the 
blood ammonia levels bear no relationship to acidosis can be seen m the fact that 
higher levels were found in animals poisoned with a mm onium chloride, although 
the degree of acidosis was similar to that observed m the present senes These 
findings are m agreement with those of Markert (1935, 1936) 

Alternatively the blood ammonia increase may have been due to a change- 
over from carbohydrate to fat metabolism, as suggested by the histological 
appearance m the liver and heart Many workers, McNeil and Levy among 
them, have shown, however, that the blood ammonia is not raised m diabetic 
acidosis, where it is definitely established that fat is being metabolized 

The fact that ammonia appeared m the blood only m the case of animals of 
Group 2 suggests that its appearance was associated with lesions found in the 
organs of these animals In this instance the most marked lesions were those 
of the hvei and kidneys Ammoma is rapidly converted to urea in the normal 
ammal, and according the Svedberg, Maddoek and Drury (1938) the sole source 
of urea m the rabbit is the liver There would therefore seem to be strong pre- 
sumptive evidence m the present experiment that the mcreased blood ammoma 
is due to liver dysfunction Also, McNeil and Levy make a series of observations 
m their paper which tends to confirm the above These authors only found a 
raised blood ammoma m acidosis if the liver was damaged For instance, no 
mcrease of blood ammoma could be found m nephritis unless there was a coinci- 
dental mvocaiditis causmg venous congestion of the liver In 13 cases of acidosis, 
of which 6 v ere diabetics, only 2 shoived an mcreased blood ammoma One was 
a case of general peritonitis with fatty degeneration of the hver, the other a case 
of persistent vomiting after laparotomy 

All animals lecemng 0 75 g of ammonium chloride per kg per day died after 
4 davs of this tieatment Calculating on the basis of chlorine content the corre- 
sponding dose of calcium chloride ought to be 0 76 g per kg per day Instead, 
the dose leqiured was 2 5 g per kg It may be that the chlorine of the calcium 
salt was not available, but the plasma C0 2 -combmmg power was as low after 
admmistiation of 1 5 g of calcium chloride per kg as it was after 2 5 g per kg 
This would suggest that the ammonium salt is more toxic than the calcium, and 
this must be bv virtue of the ammonium ion 

It seems unlikely that the renal tubular necrosis was directly related to the 
acidosis, smce the changes were mini mal in Group 1 and irregular in their extent 
m Gioup 2, although all animals were profoundly acidotic The appearance of 
the kidne\ s at post-mortem suggests that the ultimate cause of the tubular 
necrosis w as anoxaemia due to a deviation of the blood from the juxta-medullary 
region The cause of this deviation is not apparent, but smce the avascular 
zone was present m both groups, it suggests that the altered blood flow was 
directlv related to the acidosis 

Several minor points arise for discussion It seems from the histological 
appearances and biochemical findings that fat is mobilized from the depots long 
before the glycogen stores are exhausted Fat was present in the Kupfer cells 
of the liver and m the myocardium although both organs contained small 
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amounts of glycogen Although, the fatty change m the myocardium may be 
the result of degeneration, recent work (Dible, 1934 , Dible and Gerrard, 1938) 
suggests that the process is always one of infiltration 

It will have been noted that the serum phosphorus and calcium were both 
raised prior to administration of calcium chloride In addition the C0 2 -com- 
bining power of the plasma was reduced This latter feature was also found m 
our ammonium chloride senes, and it appears to be related to the diet of oats and 
bran without greens The former changes are probably related to this mdd 
acidosis The change m calcium concentration seems to be secondary to that 
of serum phosphorus This is suggested by the fact that urinary phosphorus 
mcreased during this period A further significant feature is that serum phos- 
phorus showed a further increase during the penod of calcium chloride adminis- 
tration These changes would appear to indicate that phosphorus plays an 
important role in combating the aqidosis, and that probably phosphorus is 
mobilized from body stores 

Finally, attention must again be drawn to the occurrence of pulmonary fat 
emboli m these experiments The meaning of this is not apparent, but it is 
important to realize that the reaction of the lungs to emboli is collapse — a fact 
which may be of some significance m cases of post-operative collapse It is also 
interesting to note the mtense eosinophil reaction to these emboli 

SUMMARY 

The oral administration of 2 5 g calcium chloride per kg daily to rabbits 
causes death after four days 

This is accompamed by extensive focal necrosis m the liver, and necrosis of 
tubules in the ]uxta -medullary region of the kidney 

The results suggest that death may be due to ammonia poisoning, and that 
the increase m blood ammonia is related to the hepatic lesions 

Following administration of calcium chloride glycogen stores are lapidly 
depleted, but before this is complete fat is mobilized from the depots 

This mobilization results m histologically demonstrable deposits of fat in the 
Kupfer cells of the liver and in the myocardium, and it is accompamed by the 
formation of fat emboh m the lungs 

The fat emboh are accompamed by a marked eosmophil reaction and cause 
collapse of the pulmonary alveoli 

There is a retention of phosphorus after calcium chloride administration and 
the calcium-phosphorus ratio is diminished 
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Most commonly these took the form of islands of cells staining strongly with 
eosm and showing pyknosis of the nuclei These cells tended to separate from 
the surrounding columns Less commonly the nuclei showed karyolysis (Fig 5), 
and cytoplasm, staining palely with eosm, was finely vacuolated Signs of 
regeneration were present in other parts, the cells being frequently bmucleate or 
even tn-nucleate (Fig 6) Cells in all parts of the lobules contamed greenish- 
brown granules (Fig 7) Fat was present m the Kupfer cells The phosphatase 
reaction was weak 

Kidney — The degree of renal damage was very variable m these animals 
In all of them the glomerular tufts were enlarged, and m the majority light 
adhesions had formed between the tufts and Bowman’s capsule Albuminoid 
material was present m the subcapsular spaces The capillaries were quite 
patent, and contamed a few eosinophil leucocytes in addition to red cells Marked 
catarrh was present in the first convoluted tubules and broad descending limbs 
of Henle In some cases the lining epithelium was necrotic, the nuclei showing 
pyknosis and karyolysis In a few cells the cytoplasm contamed brown granules 
(Fig 8) The distal portion of the broad ascending limbs of Henle was greatly 
dilated (Fig 9) The intervening portion of the nephrons lying m the juxta- 
medullary region showed necrosis of many cells, mainly in the first part of the 
broad ascending limb Pyknotio changes m the nuclei were marked (Fig 10) 
This zone was almost completely bloodless, and corresponded to the zone of pallor 
seen on the cut surface of the kidneys at post-mortem Colloid casts were common 
m the collecting tubules Some of the collecting tubules showed degeneration 
of the epithelium 


DISCUSSION 

In our paper on ammonium chloride acidosis (Govan and Parkes, 1946) we 
stated that at least two theories regarding the cause of death m these animals 
were possible, namely, that (a) the animal died of uraemia as a result of nephritis, 
or (6) they died of ammoma poisoning 

Contrary to the findings m acute ammonium chloride poisoning the renal 
damage in the present experiment was irregular m extent and occurrence, 
although the symptoms exhibited and the interval of time between administra- 
tion of calcium chloride and death of the animal were the same From tins alone 
it would seem that nephritis is not the primary cause of death in these animals, 
although no doubt it is a contributory factor 

It has been shown that the blood ammoma appears to be greatly increased 
after administration of 2 5 g calcium chloride for 4 days The possibility of 
spontaneous formation of ammoma from adenosme phosphate (Conn ay and 
Cook, 1939) must be taken into consideration The original concentration may, 
m this way, be increased many times m a relatively short interval Benedict 
and Hash (1926) and Conn ay (1935) showed, however, that if precautions were 
taken to prevent exposure to the air, and the estimations were carried out as 
soon as possible, then the concentration was usually less than 0 05 mg per 1 00 ml 
In the present senes of expenments all possible precautions v ere taken to guard 
against this possibility, and it is significant that no appreciable amount o 
ammoma could be found in the rabbits' bloods pnor to administration of c uemm 
chloride According to McNeil and Levy (1017—1 S) the blood ammoma in 
normal annuals is aluays less than 1 mg per 100 ml In the pre=cnt experiment 
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it rose almost to 6 mg per 100 ml The cause of this mcrease is not quite clear 
It is possible that it represents an attempt to neutrahze the acidosis, but in the 
present series the blood ammonia was only increased in the second group of 
ammals, although the degree of acidosis as determined by the C0 2 combining 
power of the plasma was no greater than m Group 1 A further proof that the 
blood ammonia levels bear no relationship to acidosis can be seen m the fact that 
higher levels were found in ammals poisoned with ammonium chloride, although 
the degree of acidosis was similar to that observed m the present senes These 
findings are m agreement with those of Markert (1935, 1936) 

Alternatively the blood ammonia mcrease may have been due to a change- 
over from carbohydrate to fat metabolism, as suggested by the histological 
appeaiance m the liver and heart Many workers, McNeil and Levy among 
them, have shown, however, that the blood ammonia is not raised in diabetic 
acidosis, where it is definitely established that fat is being metabolized 

The fact that ammoma appeared m the blood only in the case of ammals of 
Group 2 suggests that its appearance was associated with lesions found m the 
organs of these animals In this instance the most marked lesions were those 
of the hver and kidneys Ammoma is rapidly converted to urea m the normal 
ammal, and according the Svedberg, Maddock and Drury (1938) the sole source 
of urea m the rabbit is the liver There would therefore seem to be strong pre- 
sumptive evidence m the present experiment that the increased blood ammoma 
is due to liver dysfunction Also, McNeil and Levy make a series of observations 
m then paper which tends to confirm the above These authors only found a 
raised blood ammonia m acidosis if the liver was damaged For instance, no 
increase of blood ammoma could be found m nephritis unless there was a coinci- 
dental myocarditis causing venous congestion of the liver In 13 cases of acidosis, 
of which G u eie diabetics, onty 2 showed an increased blood ammoma One was 
a case of general peritonitis with fatty degeneration of the liver, the other a case 
of peisistent vomiting after laparotomy 

All animals receiving 0 75 g of ammonium chloride per kg per day died after 
4 days of this tieatment Calculating on the basis of chlorine content the corre- 
sponding dose of calcium chloride ought to be 0 76 g per leg per day Instead, 
the dose required was 2 5 g pei kg It may be that the chlorme of the calcium 
salt was not available, but the plasma C0 2 -eombimng power was as low after 
administration of 1 5 g of calcium chloride per kg as it was after 2 5 g per kg 
This uould suggest that the ammonium salt is more toxic than the calcium, and 
this must be bv vutue of the ammonium ion 

It seems unlikely that the renal tubulaT necrosis was directly related to the 
acidosis, since the changes were minimal in Group 1 and nregular m their extent 
m Group 2, although all ammals were profoundly acidotic The appearance of 
the kidne\s at post-mortem suggests that the ultimate cause of the tubular 
neciosis was anoxaemia due to a deviation of the blood from the juxta-medullary 
region The cause of this deviation is not apparent, but smee the avascular 
zone was present m both groups, it suggests that the altered blood flow was 
directlv related to the acidosis 

Several minor pomts arise for discussion It seems from the histological 
appearances and biochemical findings that fat is mobilized from the depots long 
before the gh cogen stores are exhausted Fat was present m the Kupfer cells 
of the liver and in the myocardium, although both organs contamed small 
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amounts of glycogen Although the fatty change m the myocardium may be 
the result of degeneration, recent work (Dible, 1934 , Dible and Gerrard, 1938) 
suggests that the process is always one of infiltration 

It will have been noted that the serum phosphorus and calcium were both 
raised prior to administration of calcium chlonde In addition the C0 2 -com- 
brning power of the plasma was reduced This latter feature was also found in 
our a mm onium chlonde senes, and it appears to be related to the diet of oats and 
bran without greens The former changes are probably related to this mild 
acidosis The change m calcium concentration seems to be secondary to that 
of serum phosphorus This is suggested by the fact that urinary phosphorus 
mcreased during this penod A further significant feature is that serum phos- 
phorus showed a further increase during the penod of calcium chloride adminis- 
tration These changes would appear to indicate that phosphorus plays an 
important role in combatmg the aqidosis, and that probably phosphorus is 
mobilized from body stores 

Finally, attention must again be drawn to the occurrence of pulmonary fat 
emboli m these experiments The meaning of this is not apparent, but it is 
important to reahze that the reaction of the lungs to emboli is collapse — a fact 
winch may be of some significance m cases of post-operative collapse It is also 
interesting to note the intense eosinophil reaction to these emboli 

SUMMARY 

The oral administration of 2 5 g calcium chloride per kg daily to rabbits 
causes death after four days 

This is accompanied by extensive focal necrosis m the liver, and necrosis of 
tubules m the juxta-medullary region of the kidney 

The results suggest that death may be due to ammonia poisoning, and that 
the increase m blood ammonia is related to the hepatic lesions 

Following administration of calcium chloride glycogen stores are rapidly 
depleted, but before this is complete fat is mobilized from the depots 

This mobilization results m histologically demonstrable deposits of fat m the 
Kupfer cells of the hver and m the myocardium, and it is accompanied by the 
formation of fat emboli m the lungs 

The fat emboh are accompanied by a marked eosinophil reaction and cause 
collapse of the pulmonary alveoli 

There is a retention of phosphorus after calcium chlonde administration and 
the calcium-phosphoms ratio is diminished 
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A summary of the woi k of a number of investigators on the antibiotics pro- 
duced by Aspergilli has recently been made (Florey, Cham, Heatley, Jennings, 
Sanders, Abraham and Florey, 1949) During the compilation of the tables 
for tins summary it became apparent that some gaps remained to be filled 
The object of the piesent work was to investigate named and identified species 
v Inch had not, so far, been examined for their capacity to produce anti- 
biotics The work completes the exammation, under certain conditions of 
growth, of strains of all known species of Aspergilli with the exception of a few 
so far unobtainable 

Though the exammation of fungi for the production of antibiotics is essentially 
stiaight forward, it should be emphasized that the statement that a given fungus 
does or does not produce an antibiotic must be received with a certain reserve, 
as conditions of growth and testing may greatly affect the result 

Clearly, m a preliminary exammation of a number of different cultures it is 
not practicable to carry out exhaustive experiments on each species In the 
follow mg v ork a certain set of conditions was selected, and each culture tested 
under approximately the same conditions of growth 

EXPERIMENTAL 

The fungi examined were each grown on all the rune media shown m Table I, 
■which were chosen because they have been found by many observers to allow 
good growth of many fungi 
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Table I — Media Used 


1 


2 


3 


4 

5 


6 


/ 

- S 


Potato dextrose 


Modified Sabouiaud 


Modified glucose Sabouraud 


Malt extiact 
O/apek-Dox 


GVapek-Dox -f- 5 % com steep 


C!/apek-Do\ + 5% coin steep, 
neuUahzed 
Beei w r oit 

(This mod mm was little used 


200 g chopped potato, steamed for one horn 
with 600 ml water Supernatant liquid 
drawn off and 10 g glucose added Made 
up to 1000 ml with water 
10 g peptone 
40 g maltose 
26 g malt extract 
Made up to 1000 ml with water 
10 g peptone 
40 g glucose 
26 g malt extract 
Made up to 1000 ml with watei 
50 g malt extract 
Made up to 1000 ml with water 
3 g ISTaNOg 

1 g kh 2 po 4 

0 5 g KOI 
0 5 g MgS0 4 7H 2 0 
01 g PeS0 4 7H 2 0 
40 g glucose 

Made up to 1000 ml with water 
Same as Medium 5, with the addition of 
50 ml com steep liquoi , neutralized and 
filtered, before making up to 1000 ml 

Same as Medium 6, but brought to pH 7 
50 ml w ort, made up to 1 000 ml w ith w atei 

ns the beer wort w-as difficult to obtain ) 


0 Yeast medium 20 g dried autolj T sed yeast stirred into 

100 ml waim watei Centrifuged and 
supernatant liquid poured off 50 ml of 
the supernatant liquid and 40 g glucose 
made up to 1000 ml with watei 


Distilled water wns used to make up nil the nbo\e meclin 


The lust experiments weie done by growing the fungi at 24° C m 10 ml of 
steule medium contained in liaid glass bottles which were roughh 1 cm in 
diametei and 5\ cm tall Testing could onh be earned out foi 12 da\ s .is at 
the end of that time no medium remained Foi ini estigations itn'oh tmr more 
piohmged sampling the cultuies weie planted in 250 ml Erlcnnietcr flasks con- 
taining 70 ml of steule medium and weie tested for 55 dais Soiik 4m 
giowmg mcmbeis of the Aspergillus glaums gioup were grown in h ml g! lv " 
bottles with exti i sugar m t lie media 20 per cent glucose in C'zapeh-Pox pot ito 
dextioso oi i east medium Such fungi weie allowed to grow it loom t< mpt t itm< 
and weu tcstidfoi up to 5(1 d n s 
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no 

The metabolism fluid at various stages of growth was tested the cyhndei- 
plate method (Abraham, Cham, Fletcher, Floiey, Gardner, Heatley and Jennings, 
1941 , Heatley, 1944) with arbitrarily selected bacteria , stiains of Bad coh, 
Staph aureus, G xerosis and Myco phlei were used Cleaily, production of vei y 
specific antibiotics, such as those pioduced by Bad coh (Heatley and Florey, 
1946), may have lemamed unobseived if an oigamsm sensitive to them was not 
included 


RESULTS 

The i esults are set out m Table II 

Table II — Results 


Test organism 


Aspergillus 


A QLAUGUS group 
A repena senes 

A pseudo glaucns Bloeli 
A ruber series 

A prohferans G Smith 
A chciaheri senes 

A chciaheri (Mnng ) Thom and 
Church 

A chciaheri (Mang ) Thom and 
Church, \ ar intermedins Thom 
and Raper 
A amstclodann senes 

A itaconicus Kinosliita 
A herbanorum senes 

A carnoi/i (Biourge) Thom and 
Raper 

A mautjini n comb 


A echmulatus (Delacr ) Thom 
and Church 

A line o glaucus Thom and 

Raper (svn A glaucua) 


A umbrosus Bainier and Sartory 
*1 rcitrictus scries 
A (jracilis Banner 


.4 XIDL LAjSS group 

A cacspitosus Thom and Raper 
.4 mdulans (Eidam) Bint \ar 
latus Thom and Raper 
*4 quadnlincatus Thom and 
Raper 

-4 rugulosus Thom and Raper 
*4 unguis (Emile Y'ed and Gau- 
dmj Thom and Raper 

A lariccolor (Berk and Br ) 
Thom and Raper 


Strain 


tel 


Ji 

(S. 


h 

O 


Hcfi-rencrs from 
Table 1 or 
media on which 
ncthltj was 
produced 


Baarn 

— 

— 

— 

— 


NCTC 0546 

— 

— 

— 

— 


NRRL 7S 

- 

— 

— 

- 


NRRL S2 

- 

+ 

+ 

+ 

2, 3, 4 

Baarn 

— 

— 

— 

— 


NRRL 120 






NRRL 117 

— 

+ 

+ 

+ 

0 w lth ! 

Baarn 





cose 

days 

NRRI 127 

— 

+ 

— 

+ 

5 with 

Baam 









cose 

days 

Baarn 

— 

+ 

+ 

+ 

5 with : 

NCTC 0072 



+ 

+ 

cose 

days 

r O 0, 7 

NRRL 200 

— 

— 

— 

— 


NRRL 201 



-f 

+ 

+ 

5, 0, 7. 

NRRL 200 

— 

— 

— 



Baam 



_L_ 

+ 

+ 

5 or 1 

NRRL 210 

Baam 
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Table II (cont ) — Results 


Aspergillus 


A VST US group 

A granulosus Raper and Thom 

A V MRS I COLOR group 

A janus Raper and Thom 
A janus var brevis Raper and 
Thom 

A TERREUS group 
A ierreus series 

A terreus Thom vnr aureus 
n var 

A Ierreus Thom var boedijm 
n var 

A teireus Thom var floccosus 
Shill 

A carneus senes < 

A carneus (v Tiegh ) Bloeli 

A NIGER group 
A i.t ger senes 

A awamorx Nakazawa 
A foetidus n sp 
A phoenxcis (Cda ) Thom 
A carbonarius senes 

A atropurpureus Zimmerman 
A fonsecaeus n sp 
A luchuensis senes 
A japonxcus Saito 

A WENT II group 

A alhaceus Thom and Church 
A avenaceus G Smith 
A panamensis Raper and Thom 

A TAMAJRII group 
A lerricola senes 

A lutescens (Bam ) Thom and 
Church 

A FLAWS ORYZAE group 

A micro vindo cUnnits Cost and 
Lucot 

A OCHRACEUS group 
A sulphurous senes 

A quercmus (Bain ) Thom and 
Church 

A sulphurous (Fres ) Thom and 
Church 

A ochraceus series 

A butgraccac Banner 
A clcgans Gaspernu 
A motions Yukawa 
A sclcrohorum Huber 
.4 sparstt s Raper and Thom 


Test organism 


Strain 

■i 

tj 

e 

Cl 

5 

V 

K 

5 

I 

’a 

Myco phlct 

C xerof i* 

References from 
Table I of 
media on 11111011 
icthity t\as 
produced 

NCTC 0973 

— 

— 

— 

— 

• 

NCTC 0070 

— 

+ 

+ 

+ 

1, 5, (. 7 S 

NCTC 0971 

— 

+ 

+ 

+ 

. 1, 5, 0, 7 


NRRL 1923 

— 

+ 

+ 

+ 

1 or 4 

NRRL 080 

+ 

+ 

+ 

+ 

12 14 

Baarn 

— 

+ 

t 

— 

4 

NRRL 527 

— 

+ 

+ 

+ 

1, 2, 0 

NCTC 2044 






Baarn 

— 

— 

— 

— 


Baam 

— 

( + ) 

( + ) 

(+) 


Baarn 

— 



— 




NRRL 07 

— 

( + ) 

( + ) 

(+) 


NCTC 50045 

— 

— 

— 

~ 


Baarn 

+ 

+ 

+ 

+ 

4 

NCTC 0545 

— 

— 

— 

— 


NCTC 0974 

— 

+ 

+ 

+ 

1 or 8 


NRRL 425 

+ 

+ 

+ 

+ 

all 

NRRL 48 







NCTC 0979 

± 

+ 

+ 

+ 

. 3, 0 

Baam 

± 

U. 

+ 


3 2, 4 b 

Baam 

— 

— 

— 

— 


Baam 

— 

— 

— 

— 

2 3 4 d 

Baam 

± 

-f 

— 


Baam 

— 

— 

— 

— 


NCTC 0975 

— 

— 

— 

■ — 



Source of culture, NCTC = National Collection of T\ pe Cult mv-* 
Baarn = Contraalbureau \ oor ^ehiminelculturos Bnam liollainl 
Northern Regional Research Laboratory Peoria, l s \ 

— mactiNO, - \cr\ flight H aiti\o ^ ww 
due to low pH ns on neutralist ion no nrtmt\ va* ckmon> n 


Ln"!an 1 

snn i - 



ns 
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The following species of Aspergilli have not been examined, as cultures could 
not be obtained (1) Asp& gilhis miyaloensis Nakazawa , (2) Aspergilhis 

montevidensts Talice and Mackmnon , (3) Aspeigillvs huimcola Chaudhnri and 
Sacliai , (4) Aspeigillus delacioixn (Sacc ) Thom and Chuich Thom and Paper 
(1045) considered that “ it is possible that some old matenal of a stiam of A 
oi yzae might have furnished the type ” 


SUMMARY 

Thirty-seven species of Aspeigilh, comprising 42 strains which are not known 
to have been investigated before, have been examined foi then ability to pioduce 
antibiotics m suiface cultuie on 9 diffeient liquid media Twenty stiams 
produced metabolism solutions noth some antibacterial activity 


I am indebted foi the supply of oigamsms to Di K B Eapei, of the Northern 
Regional Reseaicli Laboiatoiy, Peona, Piofessor 13 1 Johanna Westeidijk, of the 
Centi aalbureau vooi Scliimmelciiltuies, Baam, and the National Collection of 
Type Cultiues 
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During a survey of 42 cultuies of Aspeigilli (Gill-Caiey, 1949) several species 
v etc discovered which pioduced antibiotics, and some of these have been in- 
vestigated fuithei 

General conditions of culluie 

All the fungi investigated weie giown in stationary cultiues in glass vessels 
on 500 ml of medium m a layei 2 cm m depth Incubation was earned out at 
24° C , the activity which developed in the medium being followed by the 
cylmdei -plate method of assay (Heatley, 1944) 

Antibiotics fiom the Aspergillus ochiaceus <p oup 

Antibiotics weie isolated fiom two closely lelated species, A queicimu, 
(Bam ) Thom & Chinch, NCTC 6979, and A sulphureus (Fres ) Thom & Church, 
Baam 

A queremus 

Medium and conditions of culluie — The fungus was cultivated on glucose- 
Sabouraud medium containing 1 pei cent peptone, 2 6 pei cent malt extract and 
4 per cent glucose for 15 days 

Isolation — The active principle was lenioved fiom the metabolism solution 
by shaking with 2 pel cent charcoal and eluting with 80 per cent acetone 

The acetone was distilled off under i educed pressure and the remannng 
aqueous solution shaken with, ether at pH 2 On evaporation of the ether, 
colourless rhombic crystals were obtamed and weie purified by recrystalhzation 
fiom hot water or petrol ether 

Chemical properties — The substance recrystallized from petiol ether in the 
form of colourless needles, m p 83° C On admixture with an authentic sample 
of pemcillic acid, m p 83° C , there was no depression m melting point Tlic 
substance crystallized fiom hot water m the form of rhombic plates, m p 60 G 

[Bnkinshaw, Oxford and Raistnck (1936) report m p of 83-84° C and 
6<R-65 0 C foi pemcillic acid recrystallized fiom petrol ether and hot vatci 
respectively ] 

The mateiial was stable at 100° C m aqueous solution at pH 2 but its anti- 
bactenal activitv slightly decreased on boiling for 30 minutes at pH 0 

The substance gave no coloiation with feme chloride 
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With strong ammonia the substance gave the characteristic pink colour 
leaction for pemcilkc acid (Birkinskaw etal , 1936) 

The antibacterial properties of the material agreed with the figures given foi 
pemciUic acid (Alsberg and Black, 1913 , Heatley and Pkilpot, 1947 , Kavanagk, 
1947 , Oxford, Raistnck, and Smith, 1942) 

It was thus evident that this strain of A quei emus produced pemcilkc acid 

A sulphur eus 

Medium and conditions of culture — Tins species w as cultivated mider similar 
conditions to A queremus The metabolism solution was harvested after 12 
days’ incubation 

Isolation — The active principle was extracted m a manner smulai to that 
used for the substance from A queremus 

Chemical properties — The substance lecrystalhzed from petiol ether m the 
form of colourless needles, m p 83° C When mixed with the substance from 
A queremus the melting point was 83° C 

With strong ammonia the substance gave the characteristic pink colour 
leaction for pemcilkc acid 

It was thus evident that these strains of A sulphureus and A queremus 
produced the same substance, pemcilkc acid 

Antibiotics from the A wentn gioup 

Antibiotics weie isolated from two species m the A iventu group, A ivcntn 
Welnnei, IMI 17295, and A alhaceus Thom & Church, Baam 

A uentn 

Several stiams of A uentn have been tested for antibacterial activity, one 
b\ Wilkins and Harris (1942), five by Wilkins (1944), and four by Hurtado (1944) 
Strain 17295 of the Imperial Mycological Institute w as tested and found to 
pioduce good antibacterial activity when grown on a 5 per cent malt extract 
biotli Tv o other strains tested simultaneously, IMI 23010 and EMI 23012, 
\ lelded culture fluids with much weaker activity 

Thom and Raper (1945) reported that a strain of Aspergillus uentn was found 
b\ Karov (1942) to produce citric acid Yabuta (1912, quoted from Thom and 
Raper 1945) reported the production of kojic acid by A uentn, but Bnkmshaw , 
Charles Lilh and Raistnck (1931) stated that the culture fluid of A uentn gave 
negative tests for kojic acid Possibli these divergent results were due to the 
me of different strains of the organism by different workers 

Medium and conditions of culture — The fungus was grown on 5 per cent 
malt extract broth The metabolism solution was harvested after 15 days’ 
incubation 

Isolation — The active pnnciple was lemoved from the culture fluid at pH 0 
bv continuous extraction with ether On evaporation of the ether, needle- 
shaped cr\ stals w ere obtained These w ere recrystallized from aqueous acetone 
Chemical properties — ' The substance melted at 150° C On mixing with an 
authentic 'Simple of kojic acid (Kemball Bishop & Co Ltd ) nip 150° C , the 
melting point was not depressed 
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The substance gave a deep ied-puiple colour with feiTic clilonde which did 
not disappeai on standing 

The chemical and antibacterial properties of the substance agreed with those 
given foi kojic acid (Birkmshaw, Charles, Lilly and Raistrick, 1931 , Heatley 
and Pliilpot, 1947 , Jennmgs and Williams, 1945) 

It was thus evident that A iventu IMI 17295 pioduced ko]ic acid 


A alhaceus 

Medium and conditions of cultuie — This species was cultivated under srnnlai 
conditions to A wehhi The metabohsm solution was harvested after 10 day’s 
incubation 

Isolation — The active prmciple was extiacted in a manner similar to that 
used foi the substance from A wentn, IMI 17295 It formed needle-shaped 
crystals 

Chemical piopeities — The substance melted at 150° C On mixing -with an 
authentic sample of kopc acid (m p 150° C ) the melting point was not depressed 

The substance gave a deep red-purple colour with ferric chloride which did 
not disappear on standing 

The chemical and antibacterial piopeities of the substance agieed with those 
given foi kojic acid It was thus evident that this strain of A alliaceus produced 
konc acid 


Antibiotics from A nidulans group 

Penicillin pioduction was demonstrated m two species m the A nidulans 
group, A caespitosus Thom and Raper, NCTC 6972, and A quadnhneatus Thom 
and Raper, NRRL 200 A second antibiotic was produced by A caespitosus 

A caespitosus 

Medium and conditions of cultuie — The fungus was giown on modified 
Czapek-Dox medium conta inin g 0 3 per cent NaN0 3 , 0 1 per cent KH 2 P0 4 , 
0 05 per cent KOI, 0 05 per cent MgS0 4 7H 2 0, 0 001 per cent PeS0 4 7H 2 0 and 
4 pei cent glucose, made up with tap watei 

After 10 days the metabohsm solution pioduced a zone of inhibition of about 
20 mm diameter on plates seeded with the H stiain of Staph aureus Tins 
activity was destroyed completely by the addition of a few drops of penicillinase 
to the test solution After 20 days, zones of about 15 mm weie obtained, and 
this activity was not destroyed by the addition of penicillinase Zones of 
inhibition weie just detectable aftei incubation for 25 days 

A slight purple colour developed m the medium about the ninth day, and 
after 15 days it was deep pm pie , 

Some cultuie fluid was harvested aftei 10 days and some after 20 da\s 
incubation 

The antibiotic present after 10 days' incubation — The active pnncip e v as 
unstable Complete destiuction occurred on heating to 100 C ° foi 17 nnnu es 
at pH 2 oi 9 Some destiuction occurred aftei 30 minutes at 20 C 
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The active pimciplc ay as extracted mto ethei at pH 2 (at 5° G ) and back 
into phosphate buffei at pH 7 

The activity was destroyed completely on incubation with penicillinase 
solution oi copper sulphate solution (Abiaham and Cliam, 1942) 

The antibiotic present aftei 20 days' intubation — The active principle was 
l datively stable Destruction occurred on heating to 100° C foi 15 minutes at 
pH 2 but not at pH 9 

It ay as precipitated AYuth HC1 at pH 2 m association Avitli a purple pigment 

Thus a pemcilhn-hke substance Avas pioduced by' this stiam of A caespi/osus 
uflei 10 days, and AY r as folloAY r ed by anothei antibiotic aftei 20 days’ incubation 

A quadi ilmeatus 

Medium and conditions of culture — This species Avas cultiA r ated imdei snndai 
conditions to A caespitosus The metabolism solution AY r as harvested aftei 
15 days’ incubation 

Natuie of antibiotic pioduced — The aetme principle Avas unstable Complete 
destiuction occuned on heating to 100° C foi 15 minutes at pH 2 oi 3 Some 
destruction occuned after 30 minutes at 20° C 

The actwe pimciple Avas extracted mto ethei at pH 2 (at 5° C ) and back 
into phosphate buffer at pH 7 

The activity Avas destroyed completely on incubation AVith penicillmasc 
solution oi coppei sulphate solution (Abiaham and Cliam, 1942) 

Thus a pemcillin-like substance is produced by this stiam of A quadi ilmeatus 


SUMMARY 

The antibiotics pioduced by one strain each of six species of Aspeigilli aycic 
liiA-cstigated Tayo species from the A ochraceus group, A qua emus (Bam) 
Thom and Clnu eh, and A sulphuieus (Fres ) Thom and Clnuch, Aveie found to 
pioduce pemcilhc acid tAYo species fiom the A wentn gioup, A wentn Welunei 
(stiam 1M1 17295), and A aihaceus Thom and Church, ay ci e found to pioduco 
kojic acid and tAYo species fiom the A mdulans group, A caespitosus Thom and 
Rapei and A quadnhnealus Thom and Rapei, a\ ei e foimd to produce pcmcillm- 
hke substances A caespitosus pioduced also another antibiotic 


1 am giuteful to Piofessoi H W FloieA r Di N G HeatlcA' Di B Q Maiston, 
Hr H S Bui ton, and Mr G G F NeYYton foi adAuce on this ay oik, and to Miss 
Jessie DaAndson foi technical Help 

Support toAiards the expenses and foi the proA'ision of technical assistance 
ay as gi\en In the Medical Research Council and the Rockefeller Foundation 
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In a lecent study of the giowth cycle of influenza viius A m the feitile egg 
(Hoyle, 1948) it was shown that growth of virus occurred in a series of mtia- 
cellular cycles, each cjmle lasting about 6 hours Infective red ceLl agglutinating 
virus introduced into the allantoic sac was lapidly taken up by the cells of the 
chono-allantoic membrane, but appeared to be conveited into a non-mfective 
and non led cell agglutmatmg form This mtracellulai form of the viius then 
multiplied foi a period of 6 hours, at the end of which time a much largei amount 
of infective virus appealed m the membrane and was almost immediately excieted 
into the allantoic fluid Although virus could not be demonstrated m the chono- 
allantoic membrane by agglutination tests during the period of mtracellulai 
multiplication, nevertheless the virus multiplication could be followed by leason 
of the appeaiance and rapid increase m amount of complement-fixing soluble 
antigen m the membrane during this penod 

It was suggested that the influenza virus existed in two foims, an extiacellulai 
infective form which agglutmated red cells, and an mtiacellular multiplying foi m 
which did not agglutinate red cells and was possibly identical with the soluble 
antigen Whethei this theory was correct or not, it seemed evident that the 
production of soluble antigen m the chono-allantoic membrane was related to the 
intracellular multiplication of virus and could be used as a measure of that 
multiplication If eggs w r ere inoculated to the allantoic sac with a large dose o 
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virus sufficient to infect simultaneously all the available cells, then the pioduction 
of soluble antigen m the chono -allantoic membiane was lemaikably' constant, 
both m rate of production and total amount produced It seemed that theie 
was here available a very convement teclimque by means of wluch the effect of 
any substance on the intracellular growth of the influenza virus could be studied 
This paper describes the results of such experiments with a variety of dyes, m 
particulai with dyes of the tripkenylmethane group 


Technical Methods 

A highly egg -adapted stiam of virus (DSP) was used throughout the woik 
Twelve-day-old fertile eggs were inoculated to the allantoic sac with 0 3 ml of 
undiluted allantoic fluid from an egg moculated 18 hours previously with DSP 
virus Tlus very large moculum was moie than sufficient to mfect all the available 
cells The eggs weie incubated 30 minutes to allow infection to take place, and 
then the dye to be tested was inoculated to the allantoic fluid The eggs weie 
then incubated foi a furthei 51 hours, and the ckorio-allantoic merubianes 
lemoved, washed m saline to lemove allantoic fluid, suspended m 1 ml of saline 
containing 0 08 per cent sodium azide, and frozen and thawed thiee times to 
libeiate the soluble antigen The fluids weie then centufuged and the supei- 
natants tested foi soluble antigen content by complement fixation with human 
convalescent serum It was found to be unnecessaiy to lemove infective virus 
fiom the fluids by led cell adsorption before cany mg out the complement-fixation 
tests, since m these experiments with veiy heavy mocula the amount of infective 
vnus pioduced m 6 hours was too small to give appieciable complement-fixation, 
piactically the whole of the complement-fixing powei of the extracts being due 
to soluble antigen 

In each expei linent control eggs were tested in which no dye was added 
In 10 such conti ol eggs the average title of complement-fixing antigen in the 
membiane extiact at (i hours was 1 36 with extremes of 1 14 and 1 80 It was 
theiefoie considered that in the experiments with added dyes a titre of 1 10 oi 
less could bo taken as indicating a significant reduction of mtiacellulai growth 
The title was taken as that concentration of antigen giving 50 pei cent fixation 
and was delei mined bv the methods described by Hoyle (1945) 


Piehmmary Experiments 

Attention was (list dnected to the possible effect on mtiacellulai growth of 
uuis of dies commonh used m vital staining methods A range of such dyes 
was tested in doses of I mg The dosage corresponded to a concentration of clye 
m the allantoic fluid of about 1 10 000 It was found that at this concentration 
all the acid dies tested were non-toxic to the embiyo and none produced any 
effect on the pioduction of soluble antigen Basic dyes proved to be more toxic, 
and m some cases the test had to be repeated with smaller doses of dje With 
dahlia \ lolet it w as found that the production of soluble antigen w as markedly 
l educed even b\ doses of onlv one-tenth of the toxic dose Tins observation led 
to a special stiuh being made of the basic d\es of the triplienj lmethane group 
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The follow mg is n list of cl} es w Inch v'cie found to be w llliout effect on soluble 
antigen pi eduction m doses of 1 mg 


Acicl fuchsin 
Brilliant ciesyl blue 
Chloiazol black 
Isamme blue 
Janus gieen 
Light green 
Methylene blue 


Neutial led 

Phenolplitlialem 

Phenolsidphonephthalcin 

Rosolic acid 

Tiypan blue 

Vital new led 


Reduthon of Soluble Aniiyen Piodvchon in ilia Cliono-Allanioic Membnnie 
by Basic Dyes of Hie Ti iphenylmetJiane Gioup 

Table I shows the lesults of titiatmg the complement-fixmg antigen m cliono- 
allanfoic membrane extiacts fiom infected eggs treated with vaiymg amounts of 
dahlia violet 30 minutes aftei inoculation The dye piovecl to be toxic to the 
embivo m doses of 0 5 mg , but considerable suppression of soluble antigen pro- 
duction occiuiecl even in doses of 0 06 oi 0 03 mg 



1* u 


Fig 2 


1 ii 1 1 fit 1 1 of C 1 mg of (lalilm Moll t added U) turn aftoi inoculation on rate of production 

oi soluble uiit ip.ni in iliorio allantoic membranes of eggs inoculated with a large close of 
inline n/n \ iru- A 

lontrol egg* without addition of dve o o 

Epps treated with dnhhn ciolet x - - x 


In J — 1 flc« t of basic d\« s on production of soluble antigen in choiio allantoic membrane 
1 )om s toxu to oinbrv o m t hours indicated m solid blai k Dose^ producing significant 
reduction of soluble antigen production indicated In shading 


Fig 1 diow s the effect of 0 l mg of dahlia violet on soluble antigen pioduction 
at tarious mtei \ als of time A batch of eggs was inoculated with 0 1 ml I) S P 
\ nib allantoic fluid and 30 minutes later 0 J mg of dahlia \iolet was added to half 
the egsis Eggs were then sampled at liouih inter\ als, and the soluble antigen 
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content of the ckono-allantoic membianes measuied The production of soluble 
antigen was reduced and retaided m the eggs treated with dahlia violet 

Snnilai experiments were done with other basic tnphenylmethane dyes and 
the results are shown m Tig 2, with, for comparison, results obtained with 
methylene blue and neutral led All six of the basic tnphenylmetkape dyes 
pioduced significant reduction m soluble antigen production m doses which weie 
non-toxic to the embryo, but the dyes were not equally effective The violet 
dyes gave the best insults, the gieen dyes were moie toxic and less effective, while 
basic fucksin was much less toxic than the other dyes and -was only very slightly 
effective Methylene blue had no effect on soluble antigen production even m 
doses which killed the embiyo in 6 houis With this dye the embryo usuallv 
survived for some horns even after the addition of toxic doses, and m this time 
pioduction of soluble antigen occurred Neutral led w r as non-toxic even m doses 
of 8 0 mg and had no effect on soluble antigen production 


Nature of the Effect of Basic Ti iphenyhnelhane Dyes on Soluble 

Antigen Production 

The experiments described show that m suitable doses certain basic dyes of 
the tnphenylmethane group wall greatly i educe the pioduction of soluble antigen 
m the chono-allantoic membiane of eggs inoculated with influenza vmis A This 
effect might be pioduced m three ways 

(1) The dye might pi event infection of the cells 

(2) The dye might destroy the soluble antigen 

(3) The dye might interfere with the metabolism of the infected cell m 
such a way as to reduce the intracellular multiplication of the vnus 

In all the experiments the eggs were moculated with a very large dose of virus, 
and a period of 30 minutes allowed before addition of the dye Under these 
circumstances it seems impossible that the dye should have been able to pi event 
infection of the cells Also the led cell agglutinating power of virus is unaffected 
by concentrations of dye which aie effective m suppressing soluble antigen pio- 
duction m the infected egg Thus a concentiation of ciystal violet of 1 100,000 
m the allantoic fluid markedly reduced soluble antigen production, but it lequned 
at least ten times this amount to pioduce any effect oil the ability of virus to 
agglutmate led cells The mfectivity of the virus w r as also unaffected by 30 
minutes’ exposure to 1 100,000 crystal violet, a 1 20 dilution of D S P vnus 
allantoic fluid so treated was still infective in a dilution of 1 100 million The 
mfectivity was considerably reduced by 1 10,000 ciystal violet and was destioiecl 
by 1 1000 The soluble antigen is even moie resistant than the agglutinin in utio , 
thus with crystal violet it lequired a concentiation of 1 2000 to reduce the com- 
plement-fixing powei of a cliorio-allantoic membiane pieparation of soluble 
antigen bj 7 50 pei cent It seems piobable, theiefoie, that the dyes do not act 
dnectly eithei on the infective vims oi on the soluble antigen, but that the cfiti t 
is due to an mteifeience with the metabolism of the infected cell It is piobable 
that these dyes do have a pionounced effect on cell metabolism, since the\ liC 
moic toxic to the cmbiio than the other dies tested 
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Effect of Basic Trvphenylmethane Dyes on Pioduchon of Infective Virus m Eggs 

Since the basic triphenylmethane dyes appear to retard and reduce the intra- 
cellular multiplication of virus, it might be expected that the liberation of 
extracellulai infective virus into the allantoic fluid would also be reduced Eggs 
weie inoculated with 0 1 ml of a 1 10 dilution of D S P virus allantoic fluid, and 
10 minutes latei 0 1 mg of dye was added The allantoic fluid was sampled at 
mtei vals and the led cell agglutinin titre measuied by the Salk test, and compaied 
with conti ol eggs without dye The results are shown m Eig 3 The liberation 
of vn us into the allantoic fluid was retarded m the eggs treated with dye, though 
t he final titre attained was not gieatty i educed It was noted m these expenmen ts 
that the dyes weie fan ly lapidly destioyed m the egg Thus, with ci ystal violet, 



Fir 3 — Effect of 0 1 mg of crystal \ lolet and 0 1 mg of malachite green added 30 minutes 
after moi illation on the rate of liberation of virus mto the nllnntoic fluid in eggs inoculated 
with a ‘-liinfl dose of influenza \irus 4 

Control eggs without dye o o 

Eggs treated with malachite green • - - - - • 

Eggs treated with crystal \ lolet v v 


the chono-allantoic membrane vas deeply stamed at 6 houis, but by 24 hours all 
staining had thsappeaied It is probable that the intracellular multiplication of 
virus is delat ed until the concentration of dye is reduced below the effective level, 
and that after this, multiplication proceeds normally so that the final titre of virus 
m the allantoic fluid is only a little less than m the controls 

DISCUSSION 

The experiments descubed m this paper show that basic dyes of the tnphenyl- 
methane eroup, introduced in suitable doses into the allantoic sac of eggs infected 
previously with influenza Mrus A, are able to retard and reduce the inti acellular 
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growth of the virus, as shown by a 1 eduction m the production of soluble antigen 
m the ohono-allantoic membrane, and a retardation in the liberation of infective 
virus into the allantoic fluid The effect appears to be restricted to the basic 
dyes of the triphenylmethane group, the violet dyes being most effective These 
dyes, however, are moie toxic to the embiyo than other dyes, and as the effect is 
only shown by doses of about one-eighth to one-tenth of the toxic dose, it is 
unlikely that the dyes would have any theiapeutic value m influenza In fact, 
Audi ewes, Kmg and Van den Ende (1943) have already found them to be without 
chemotherapeutic value in mice infected with influenza virus 

The basic triphenylmethane dyes differ from other dyes m then ability to 
combine with ribonucleic acid It is to this piopertj^ that they owe then efficacv 
m Giam’s method of staining bacteria (Henry and Stacey, 1943) Knight (1947) 
has shown that influenza virus A contains ribonucleic acid If ribonucleic acid is 
an essential constituent of the influenza virus, then it would seem possible that 
the effect of basic tuphenylmethane dyes in letardmg the mtiacellulai giowth of 
influenza vmis A might be due to an mteiferenee with the metabolism of iibonucleic 
acid m the mfected cell 


SUMMARY 

A method is described whereby the effect of any substance on the intracellular 
growth of influenza virus A can be readily observed by measuring the effect of the 
substance on the production of complement-fixing soluble antigen m the chorio- 
allantoic membrane of eggs inoculated with a large dose of virus 

It is shown that basic dyes of the triphenylmethane group, especially dahlia 
violet and crystal violet, can, in suitable doses, greatly retard and reduce the 
intracellular growth of the virus These dyes are, however, more toxic than 
other dyes to the embryo, and it is unlikely, therefore, that they would be of any 
chemotherapeutic value m influenza 

It is suggested that the effect of these dyes may be due to an mterfeience with 
the metabolism of ribonucleic acid m the infected cell 
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Many reports have appeared durmg the last sixty years of the inhibitory or 
lytic powei of staphylococci In some cases it is clear that an antibacterial sub- 
stance Mas concerned, but its pioperties have varied -widely, being sometimes 
theimostable and sometimes very easily destroyed by tempeiatures below 100° C , 
sometimes soluble and sometimes insoluble m alcohol and other organic solvents , 
sometimes pioduced only on solid or on liquid medium and sometimes equally 
well on eithei As tins literature has been 1 eviewed elsewhere (Floiey, Cham, 
Heatley, Jemnngs, Sanders, Abraham and Florey, 1949) it is not proposed 
to consider it furthei here 

Jennings and Sharp (1947) of this laboratory examined several strams of 
staphylococcus for antibactenal activity, using the stieak-plate test with C 
xeiosis, C diphthenae, Bad coh and Staph auieus NCTC No 6571 as test orga- 
nisms Tv enty-six of the 205 strains so examined were found to be active and 
fiom one of them, No E 755, an attempt was made to extract the antibiotic 
The results of this voile veie summarized by Florey et al (1949, Chap 11) as 
follows 

‘ It v as found that an abundant supply of oxygen was neces- 

saiy foi the production of an antibiotic m liquid cultuie ” This had been 
i epoi ted independently by Magrassi and Spiga, 1946 “ It was not, however, 

possible to produce it by bubbling either ail or oxygen through liquid cultiues, 
foi it was subsequently discovered that the act of bubbling thiough a gas, 
e\en mtiogen inactivated a solution of the inhibitor The difficulty 7 was 
o\eicome by maintaining an atmosphere rich m oxy r gen ovei the surface of 
the cultuie 

It was found that pioduction was most satisfactoi y m Lemco bioth, and 
v as slightly nnpioy'ed by the addition of 1 pei cent lactic acid (neutiah/ed) 
Actnity was judged by the liihibitoiy action against C xerosis The actiy r c 
substance \yas not destioy r ed by 7 boiling foi 5 minutes at pH S It could 
be precipitated by addition of an equal y r olume of saturated ammonium sul- 
phate though yyitli some loss m activity Treatment of the dried residue 
fiom an aqueous solution with SO pei cent alcohol, followed by 7 ey-aporation 
of the alcohol and resolution in yyatei, caused complete mactiy 7 ation At 
pH 4 5 a considerable amount of protein material yyas precipitated from the 
medium while all actnity remained m solution Adsorption on to alumina 
(both untreated and acid-v ashed) oeeuired, but attempts to elute yyitli yvatei 
were unsuccessful The substance was not dialy sable and could be con- 
centiated satisfactorily from Lemco bioth or gelatin digest medium by 
picssuie filtration thiough cellophan 

The present papei lepoits the lesults of fiuthei work on this problem 
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EXPERIMENTAL 

Pioduchon of the Antibiotic m Liquid Medium, 

Media 

Lem co broth and casein hydrolysate medium were both satisfactory with 
regard to growth of the organism and antibiotic production The level of activity 
leached was slightly higher in Lemco broth, but the high protein content of tins 
medium was a disadvantage, as far as purification of the antibiotic was concerned, 
m view of the probable piotein nature of the latter However, it was used m 
prehininary experiments to determine the properties of the antibiotic and the 
best method of culture of the organism 

Lemco bioth — This contamed Lab LemCo 1 per cent, Eupepton 1 per cent and 
sodium chloride 0 5 per cent, made up m tap water, the pH bemg 7 6 In eaily 
experiments lactic acid (1 per cent, neutralized) was included, but it was latei 
ascei tamed that its presence did not enhance production and it was subsequently 
omitted 

Casein digest medium — The use of casern hydrolysate as a source of ammo 
acids provided a medium initially free from material which was preeipitable by 
the reagents used m concentratmg the antibiotic A tryptic digest was prepaied 
as follows 

Light, white, soluble casein (180 g ) was dissolved with the aid of a mechanical 
stirrer m 31 of tap water containing 10 ml of 40 per cent caustic soda solution 
The pH was adjusted approximately to 9 0 and 15 g of commercial trypsin were 
stirred m The mixture was transferred to stoppered flasks, wluch were placed 
m a water bath at 52° C , toluene bemg added as a preservative Digestion was 
generally allowed to proceed for 24 hours at this temperature, although a 6-houi 
digest (to wluch no toluene was added) appeared to be equally satisfactory 
Alkali was added at intervals during the first few hours of the digestion period 
to maintain the pH between 8 0 and 9 0 In the later stages there was no furthei 
tendency to shift to the acid side Small amounts (0 5-1 0 g ) of trypsin weie 
added from time to time to replace any that became mactivated at the high 
temperature of the mixture 

At the end of the digestion period the mixture was adjusted to pH 6 5 and 
after removal of the preoipitate of undigested casern it was boiled until the volume 
had been reduced to half This mactivated the trypsin and eliminated the 
toluene The resulting mixture was filtered hot through a coaise filter papei and 
was made up to 6 1 (=3 per cent casern) 

Addition of the following salts completed the medium 

K^HPO, . . 27 Og 

KH„P0 4 2 7 g 

EeS0 4 7HoO 0 3 g 

As initial alkalinity of the medium tended to result m a better yield of the anti- 
biotic, it was adjusted to pH 7 5 before autoclaving and the copious flocculanl 
precipitate removed by filtering through a coarse filter paper The inclusion o 
glucose (0 25 per cent) m the medium before autoclaving caused an interne brown 
colour to develop, so tlus ingredient was autoclaved separatelv as a 21 per cent 
solution which was added afterwards with sterile precautions 

10 
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Method of culture 

The most effective method of production, and the one which was adopted as a 
loutme procedure, was to grow the orgamsm m shallow layers of medium m 
vessels eqmpped to permit contmuous or intermittent passage of oxygen ovei the 
surface of the medium, but not allowing bubbling through the medium itself 

The organisms were grown m the rectangular porcelam vessels originally used 
for the production of penicillin (Abraham, Cham, Fletchei , Florey, Gardner, 
Heatley and Jennings, 1941) The spout of each vessel was fitted with a rubbei 
stopper pierced by glass mlet and outlet tubes and a tlnid tube to which was 
connected a glass bulb plugged with cotton wool This was used to hold the 



l'K 1 — •Xppfirntu'i used for the culture of Staph aureus No E 755 in shallow layers of liquid 

medium under an atmosphere nch m oxygen 


concentrated glucose solution w Inch was allowed to run mto the vessel after 
autoclaving by releasmg a screw clip on the rubber connection The moculum 
was introduced b\ the same route Each vessel contained 300 ml of medium, 
which formed a la\er of 0 o cm deep, this being the maximum depth which con- 
sistent lv resulted m good production (Fig 1) 

A metal frame w as designed to hold 1 8 vessels in 3 piles of 6 The vessels of 
each pile were connected m series so that oxygen entered the topmost one and 
passed through each m turn The bottom vessel of each pile was fitted with a 
glass tap bv means of w Inch the oxygen outlet tube could be closed Each pile 
of vessels had its own cotton-wool filter 30 inches long, the three filters bemg 
connected In mean* of a manifold to a single wash bottle and thence to the 
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oxygen eylmdei The apparatus was completely assembled before autoclaving 
except that the connection between the wash bottle and the manifold was left 
open to ensure efficient sterilization of the filters The taps on the oxygen outlet 
tubes were also left open, cotton-wool plugs being inserted to prevent contami- 
nation It pioved necessary to wrap the necks of the vessels with hnt and cotton- 
wool so as to cover the rubber stoppeis, and also the outlet tubes and taps, m 
order to prevent occasional contamination during the culture period 

After inoculation the apparatus was incubated at 37° G for 5 days, oxygen 
bemg passed through at a rapid rate for five minutes once each day Increasing 
the frequency of this procedure did not enhance production 


Method of assay 

The cylinder-plate method (Abraham et al , 1941) was used, Lemco agai 
plates bemg surface-seeded with C xerosis The zones of inhibition weie charac- 
terized by clearly-defined edges and no resistant colomes appeared It was not 
feasible to set up a standard of this antibiotic, but sufficiently accurate lesults- 
weie obtained by measuring the zone diameters from two-fold dilutions of the 
solutions to be assayed, with particular attention to the highest dilution at winch 
any inhibition was observed The curve relating zone diameter to dilution was 
rather flat 

At the end of five days’ incubation the culture fluid generally produced a zone 
of inhibition of 16 mm diameter and gave a small but measurable zone when 
diluted 1 m 8 


Extraction and Concentration of the Antibiotic 

Addition of concentrated hydrochloric acid to eithei a Lemco or casein hydro- 
lysate culture until its pH had fallen to 3 0 caused a copious precipitate of inactive 
material to form This was removed, together with the bacteria, by centrifuging 
and the clear supernatant, when neutralized, contained all the activity 

The procedure for concentration of the antibiotic from cultures which had 
been clarified m this way vaned according to the medium in which the organism 
had grown 


Goncenti ation from Lemco medium 

Tenfold concentration was brought about with negligible loss of activity by 
evaporation from a shallow tray m a current of air at 66° 0 in a Eaust-Hemi 
apparatus The concentrated solution, after bemg freed from solid material 
deposited durmg evaporation, yielded a copious precipitate when adjusted to 
pH 3 with concentrated hydrochloric acid Excess acid caused it to redissolve 
If the solution was at least ten times as coneentiated as the original culture fluid, 
this precipitate contained all the activity It redissolved in vater at pH 7 to 
give a clear, dark brown solution which gave larger and more clearh defined 
zones of inhibition than did the concentrated solution before acidification, possib \ 
because of less mterfeience with diffusion Addition of an equal % olunie o in 
pel cent tucli lot acetic acid to this solution of the antibiotic precipitated the at to 
with iclativelv little loss 
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Concentration from casein hydi olysate medium 

When formed m this medium the antibiotic was not stable to evapoiation at 
56° C , and trichloracetic acid was therefore added to the neutral cultuie fluid, 
which had been clanfied by centrifuging at pH 3, as described above The 
details of the method weie as follows 

Sufficient tnchloiacetic acid was added (dissolved in a small volume of watei) 
to give a final concentration of 6 per cent The slightly cloudy mixtme was 
allowed to stand 15 to 30 mmutes and was then centrifuged The small piecipi- 
tate could be dissolved m one-sixtieth of the original volume of distilled watei by 
bringing the pH to 7 0 It usually contamed from 25 to 50 per cent of the oiigmal 
activity — the highei the activity of the culture fluid, the better was the relative 
yield on precipitation 

The redissolved piecipitate was dialysed against running water foi at least 
6 hours (dialysis could be contmued foi 18 hours without noticeable loss occuri mg), 
a piocess which halved the total sohds without loss of activity A fuithei small 
amount of inactive mateiial was eliminated by placmg the dialysed solution 
(contained m thm-walled test tubes) m a boiling water bath for 3-5 mmutes, 
cooling rapidly and removing the mactive precipitate by centrifuging 

The solution was then dried from the frozen state, yielding about 0 1 g of 
voluminous, almost white, non-hygroscopic material per htre of original cultuie 
fluid 

Addition of an equal volume of a saturated solution of ammonium sulphate 
to a cooled neutral solution of the active substance (10 mg /ml ) yielded a precipi- 
tate which could be redissolved, dialysed and dried from the frozen state It 
contamed twice as much active substance per umt weight as did the material 
piecipitated by trichloracetic acid, but the piocedure involved disappearance of 
half the total activity A moie bulky precipitate resulted when the piecipitation 
Mas earned out at pH 3, but the total yield was no highei 

Stability and Pioperties of the Antibiotic 
Vauations in temperature and hydrogen ion concentration 

The active substance was characterized by considerable stability towards 
heating at neutial or acid pH values, but was rapidly destioyed if heated m alka- 
line solution Cultures could be rendered sterile by holding at 70° C for 20 
minutes without loss of activity Dilute and concentrated solutions derived from 
casein hydrolysate cultures were unaffected by heating m a boiling water bath for 
periods up to 1 hour at pH 3 0, or for at least 10 minutes at pH 7 0 Some 
activity remained even after autoclaving at 120° C for 20 mmutes at pH 3 0 In 
general the stability seemed to be slightlv greater at pH 3 than at pH 7 

Between pH 7 and pH 0 no deciease of activity occurred during one hour at 
room temperature, but on heating in a boiling watei bath the loss was rapid and 
complete Above pH 0 loss of activity was noticeable at room temperature, 
hence, when neutralizing solutions care had to be exercised m order to avoid 
adding excess alkali 

Action of proteolytic enzymes 

The action of commercial and crystalline trypsin at 37° C , pH 8 and m con- 
centration of 1 mg per ml resulted mvanablv in total inactivation within five 
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minutes of solutions containing up to 10 mg of dried preparations of the anti- 
biotic pei ml The action of 1 per cent pepsin at pH 3 was not so rapid, as up 
to 25 per cent of the original activity remained after 30 mmutes at 37° G , and 
traces still lemained after 1 hour 

Bubbling and mechanical agitation 

As has already been reported by Florey et al (1949), bubbling mtrogen or an 
through an active solution under sterile conditions brought about its inactivation 
The destruction was a gradual process being complete m 3 hours m the case of a 
culture m either Lemco or casern digest medium The same result was obtained 
at pH 3 and also m the presence of protective agents, such as glycine or gelatm 

Mechamcal shaking did not appear to exeit such a marked destructive affect 
as did bubblmg, and culture fluids proved to be unaffected by the brief though 
intense foaming that occurred during passage through a Sharpies centrifuge at an 
acid pH value 

Concentrated solutions of the antibiotic were less rapidly inactivated by 
bubbhng and shaking than were the crude culture fluids, as might be expected 
if the inactivation were due to a surface denaturation 

Drying 

A cell-free Lemco broth culture withstood evaporation to dryness in a current 
of air at 56° C , though with casern hydrolysate cultures inactivation occurred 
under these conditions Concentrated solutions of active material which had 
been precipitated in various ways could be dried from the frozen state without 
loss, but this ivas not the case with dilute solutions The dried material could be 
stored in the refrigerator for several weeks without loss of activity taking place 

Dialysis 

Concentiated solutions could be dialysed in cellopkan bags at room tempeia- 
tuie foi at least 15 hours ivithout loss Dilute solutions sometimes underwent 
loss under these conditions, but this ivas possibly due to the intervention of othei 
agencies, such as contaminating bacteria 

Filii ation 

►Solutions could be passed tlnough a sintered glass bactenal filtei Avith little 
loss of actmty, but gradocol membranes, like asbestos filter pads, remoA r ed the 
gieatei pait of the active substance 

Ammonium sulphate 

Addition of ammonium sulphate eithei m solid foiin or as a satuiated solution, 
and undei various conditions of concentration, tempeiature and pH to a clanfied 
cultuie fluid lesulted in complete loss of actmty from both the precipitate and 
the lemaimng liquid A concentiate from Lemco broth behaA'ed m a similar 
maimer, though m the presence of high glycine concentrations (up to 2 m) half 
the actmty could be demonstrated m the precipitate The remainder had 
disappeaied Treatment of a concentrated solution of the dried material 
obtained bA r piecipitation with trichloracetic acid from casein In drohc-nte tu 
tures, AAitli ammonium sulphate m the absence of glvcine gaie a 5n per cent 
} leld m the piecipitate 
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Organic solvents 

The antibiotic was chaiactenzed by marked instability to waids oigamo 
solvents, especially m dilute solution As the degree of piuification mcieased 
greatei appaient stability m the presence of ceitam solvents was noted 

Culture fluids, or dried residues from them, could not be treated with alcohol 
at 4° C without total loss of activity taking place The material piecipitated by 
tuchloracetic acid was inactivated less rapidly m the presence of alcohol m con- 
centrations up to 70 per cent, though the extent of the loss was vanable and 80 
per cent alcohol caused total inactivation The antibiotic was soluble in 70 pei 
cent ethyl alcohol, but, owing to its destruction, it was not possible to determme 
whether or not it was soluble m absolute alcohol and m various othei solvents 
Methyl alcohol, butyl alcohol and acetone exerted a similar deleterious effect 
If a solution were shaken gently for a few mmutes with an equal volume of 
ether, little activity could be detected m either the aqueous or ether fraction 
though, as was the case with alcohol, there was evidence of apparently mcreasmg 
stability of the antibiotic, as more concentrated solutions became available 
Chloroform exeited the most maiked destructive effect of all the solvents 
tested, irrespective of the degree of concentration and purity of the solution 
Introduction of a few diops, without shaking, brought about loss of half the 
activity almost immediately and inactivation was complete within 7 hours 

The known pioperties of the antibiotic suggest that it is an unstable piotem 
of lelatively high moleculai weight The impure state of the preparations used 
makes it impossible to draw any moie definite conclusion 

Antibacterial Activity 

The selective antibactenal action, and the fact that activity could be demoli- 
sh ated on a medium containing catalase, indicated that the active agent was a 
specific antibiotic substance and not hydiogen peroxide (Jennings and Sharp, 
1647) This was confirmed m the case of the active substance produced m liquid 
media cultuie fluids and concentrates denved fiom them both exhibiting equal 
activiti v ith and without the addition of blood as a source of catalase 

The antibacterial action of the concentrated active substance, fieed fiom 
living bacteria was investigated qualitatively and quantitatively by the guttei- 
plate method (Fleming, 1926) and by dilution tests 

Guttci -plate tests 

In these the antibiotic piepaiation, in various amounts, was mcoipoiated 
undei stenle conditions m a strip across the chametei of an agai plate and vanous 
test oigammis were streaked across the plate at right angles to it 

A solution of trichloracetic acid-precipitated material which had been redis- 
solved in one-twentieth of the volume of original culture fluid, and which gave 
zones of inhibition against C xerosis by the cvlmder-plate method of 21 5 min 
diameter undiluted and of 11 mm when diluted 1 m 64, was mcorpoiated in the 
gutters at dilutions of 1 m 2 and I m 4 Inhibition of the following organisms 
occurred the distance in millimetres from the edge of the gutter to the beginning 
of grow th of the streak being shown bv the figures m brackets Eacli figure is 
the mean of 4 obseivations that foi the stronger solution being shown first 31 
h/sodciUicus (12 12), Myco phlei (So 6), 0 xerosis (8, 6), Staph aureus, 
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NCTC No 6571 (4, 2) , and B anthracis (4, 1) Oigamsms tested but not in- 
hibited at these concentrations were C diphthe? lae (types gravis and intermedins ) 
and Sir pyogenes , which were tested on serum agar plates , also Bacl coh, 
Sh sonnei, Ps pyocyanea, Salm gaeitneri and Myco smegmatis 

With higher concentrations inhibition of C diphtheriae could be demonstrated, 
solutions of dried active material containing 1, 2, 4 and S mg per ml and giving 
zones of inhibition against C xerosis in cylinder-plate tests of 20 mm , 21 5 mm , 
23 5 mm and 25 mm diameter respectively, were mixed with one-tenth of their 
volume of serum and one-fourth of their volume of melted 6 per cent agar and the 
mixture was filled into gutters 

Table I hsts the inhibitions recorded 

Table I — Activity against Various Organisms as Indicated, by Guttei -plate Tests 


Concentration Distance (mm ) from edge of gutter to which inlubition extended 

m gutter , * ■, 

Mg per ml Bad coh G xerosis C diphtheriae Staph aureus 





{gravis) 


0 7 

0* 

6 0 

5 0 

3 5 

1 4 

1 5 

5 0 

7 0 

4 Q 

3 0 

2 5 

6 5 

8 0 

5 5 

6 0 

3 5 

8 0 

8 5 

6 5 


* Growth over the gutter 2tself was inhibited, liowe\er 


Comparative tests were carried out with solutions of active material piecipi- 
tated by trichloracetic acid from liquid cultures and from an extract of solid 
medium on winch the organism had grown, m order to ascertain -whether the 
latter contained any additional active substances which were not being produced 
in liquid medium This did not appear to be so, as both solutions gave similar 
zones of inhibition of plates seeded with C xerosis and were found by the gutter- 
plate method to act m an identical manner on C xerosis and on C diphtheriae 
{gi avis), the former organism being the more sensitive Solutions which had been 
sterilized by filtration through sintered glass proved to be less active than those 
which had been immersed m boiling water for 2 minutes 

y* 

Dilution tests m liquid media 

These were carried out on a dialysed solution of the actn e substance w Inch 
had been precipitated b} r ammonium sulphate from a solution of h ophihzed 
trichloracetic acid-precipitated material After heatmg to piecipitate coagulable 
material and removing the latter by centrifuging, the solution contained 1 3 2 
mg of solids per ml (1 part m 77) It was sterilized by immersion for 3 minutes 
111 a boiling water bath By the cylinder-plate method it gave zones of inhibition 
agamst C xerosis of 26 mm undiluted and 14 mm at a dilution of 1 m 64 (I part 
m 5000) 

Two-fold dilutions -were made, commencing at 1 part in 7/0 The te«t 
carried out with a senes of organisms, the inoculum being one drop per tu ie 
(measuied by Dreyer’s pipette) of overnight broth cultures which were dilutee as 
shown m Table II Ten per cent serum was included 111 the ca<=e oft dip it mriar 
and Sti jtyoQdies The lesults were read after 16 hour* at b C and .ire «et out 
in Table II In no case was the degree of activiti of a high order 
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Table II — Activity Against Various Organisms as Indicated by Dilution Tests m 

Liquid Medium, 



Inoculum , 

Inhibited 

Inhibited 

Test organism 

broth culture 
diluted 1 part 

completely 
at 1 part 

partially 
at 1 part 


m 

m 

in 

Staph aureus NCTC 6571 

1000 

6000 

— 

C xerosis 

100 

2800 

— 

B anthiaeis 

100 

2800 

• ’ * 

Sir pyogenes 

10 

1500 

— 

C diphtheriae (gravis) 

10 

— 

770 


SUMMARY 

The production and properties of an antibiotic formed by a strain of Staph 
auieus have been described The substance was produced m shallow layers of 
liquid medium when an atmosphere rich m oxygen was maintained over the 
surface, but was not detected when air or oxygen was bubbled through the 
medium 

The antibiotic appeared to be a protein which could be precipitated from the 
cell-free culture medium by trichloracetic acid , it could be freed from the latter 
b> dialysis and dried from the frozen state It was relatively stable to heat m 
neutial or acid solution, but was rapidly destroyed by alkali, organic solvents, 
pepsin 01 trypsin 

The substance inhibited the growth of C xerosis, Staph aureus, C diphtheriae, 
B anfhracis, Myco phlei and M lysodeihticus In no case was the degree of 
activity, as measured bj-- dilution tests in liquid media, of a high older 

The pioperties of the antibiotic are such as to make it probable that it will 
have no therapeutic application 
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Observations of living specimens with the ultramicroscope, nsmg visible 
light, have given valuable information on the mechanism of lysis due to the action 
of bacteriophage of Bact coli (Merhng, 1938) By growing the bacilli m 
the presence of phage m hanging-drop cultures on the waim stage of the micro- 
scope it was possible to observe in dark ground illumination the process of lysis 
from beginning to end The results were briefly that within 20 minutes of 
contact individual bacilli lost their motility and their normal shape and size, 
swelled, m most cases at one end more than the other, sometimes becoming 
spherical, and then suddenly burst, releasing the cell contents, which piesumably 
consisted of bacterial protoplasm and masses of phage bodies Counts showed 
about 250 phage bodies per lysed bacillus It was assumed that the multiplica- 
tion of the phage took place inside the bacterial cell, though proof for tins assump- 
tion was lacking, owing to the limits imposed by the optical microscope 

Since then a great amount of work has been earned out by a numbei of woikers 
on the same subject H Ruska (1940), and later Rfankuch and Kausclie (1940), 
described the tadpole shape of bacteriophage, and therewith established means of 
identifying phage bodies by their characteristic shape and size Recently WyckofF 
(1948) showed electron photographs m which he desenbed “ multiplication 
centres ” and “ foci,” and made the statement that “ apparently most of tins 
growth and multiplication takes place in the protoplasmic masses hbeiatcd by 
lysis, lathei than m bactena which are still intact ” 

The experiments desenbed here were performed to find how and uheie multi- 
plication takes place, whetkei inside or outside the cell, and how many stages can 
be observed m the formation of the number of phage bodies that me seen on 
lysis and released by the bursting of one individual bactenal cell 

The pioblems proposed for investigation were (1) Is it possible to con elate 
the findings of observations on living cells, shoving that betv een 200 and 2 >0 
phage bodies were released from one lysed bacillus vith the pictuics obtained in 
the election micioscope ? (2) Hoav and vheie does the multiplication of the 

bactenophage of Bact coli take place ? 

MATERIAL 

The stiams of Bad coh and bactenophage veie the <yune a- u-ed P re ' , "' 1 J' 
foi living observations Tv enty-foui -hom biotli culture^ o ar ro i ' 
plated on agai, and bioth containing phage u as added m '-mg c < rop 
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bin face-clued plate following the usual technique Aftei incubation for 6; 12, 
24 and 30 hours, specimens were prepared from the edge of plaques and otliei 
paits of the plaques and plate By takmg specimens at increasing distances 
fiom a single plaque m the centie of a plate culture, earlier stages of lysis could 
be found than m samples taken simultaneously from the plaque edge Other 
specimens were piepared by making drop cultures of Bad coll and bacteriophage 
on the membraned grid of the electron microscope, and were examined at times 
of contact varying between 1 and 45 minutes In these specimens the material 
had to be mounted m doubly distilled water, after experience had shown that 
biotli suspensions were unsuitable for examination m the electron microscope, 
and furthei that accurate tuning of contact was laigely impossible owing to the 
lag mtiodueed by the repeated washing necessary to lemove salts from the 
specimen The timing of contact and process of lysis was carried out by removing 
the meniscus of the drop cultures by means of micropipettes, a process which 
took no longei than 2 or 3 seconds 

TECHNIQUE 

.Specimens v r eie piepaied foi examination in the election micioscope m the 
usual ivay by mounting collodion membranes on copper gnds The collodion 
membranes were piepared by adding to the usual solution of 2 pei cent pyroxihn 
in amyl acetate, 3 5 pet cent of ethyl lactate as a plasticizer This was suggested 
by Di A Burgen as a means of obtaining membranes both thinner and of greater 
lcsistance to heat and election bombardment than the ordinary' collodion film 
The membianes containing this plasticizer were highly successful not only when 
used immediately, but after diymg m a desiccator for seveial days 

To mciease contrast the shadow -casting technique, invented by Wyckoff and 

Williams (I *3 4 5 ) , u r as used The amount of metal evaporated and coated on to 

the specimen, houevei, w r as kept at a minimum to avoid distortion , the aim was 

to mciease conti ast, not the development of shadow's, as it was not mtended to 

obtain measuiements in this w r av 

«/ 

Coating was earned out m a specially designed appaiatus, made by Metro- 
politun-Yickeis, which was inserted m the specimen chamber of the election 
micioscope As coatmg matenals gold, palladium and gold-palladium-alloy 40 60 
wcie used 

Hanging drop cultures w ere also made of all material prepaiecl for the electron 
micioscope and kept undei observation m the livmg state on the warm stage of 
the ultra -micioscope These specimens served as controls to safeguard against 
limmterpietation, and to determine the exact state of the electron microscojie 
specimen at the moment of drying 

Obcenation m the electron microscope was greatty facilitated and improved 
In the mtioduction of a fluorescent screen (Merlmg, 1949) made of zinc-cadmium - 
sulphide bv Derbi and Co London, E C 2, which together with other cliarac- 
tenstic* Inis a 2t-3\ times greater brightness than the usual Willemite screens 

RESULTS 

The studv of bactei lophage is made difficult bj T the speed w ith w Inch lysis of 
an mdi\ idual bacterial cell is completed, and is furthei complicated by the fact 
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that the speed of lysis foi individual cells vanes from about 5 minutes to about 
20 minutes aftei fust contact of the bacterial cell w ith bactenophage 


Nonnal bacilli 

To detect small changes in the appearance of the bacilli it w as, of course, neces- 
saiy to become thoroughly familiar with the appearance m the electron micro- 
scope of “ normal ” bacilli at as many stages of their development as possible 

From the experience gamed m this way a composite picture has been gamed 
which shows that a “ normal ” bacdlus during its life goes through a definite 
cycle It begins as a short rod of about 0 8 or 0 9 ji m breadth, and varying m 
length from 1 2 to 3 (jl This rod m the course of 12 hours either develops intra- 
cellular divisions which will eventually progress until separation of the daughter 
cells is complete, or it may detenorate, showing granules of varying size, in which 
state it may be dying or dead The very young forms, in cultures up to 12 hours 
old, may show very httle differentiation (Fig 1), and their internal structure is 
lestncted to shadowy areas without sharp contours The surface layer or mem- 
brane of the bacillus can be distinguished from the internal structure by its low r ei 
scattering poiver for electrons, and shows as an envelope of low 7 brightness, which 
m the perspective of the electron microscope appears to have a width of about 
10 per cent of the breadth of the bacillus 

While young forms may as a rule be regarded as mainly structureless, there 
aie conditions, so far not determined, under w r hich the seemmgly “ normal ” 
bacilli exhibit areas of greater density, particularly at the poles, and m one oi 
tw r o other places Fig 2 show's two such cells, one with polar bodies and two 
moie spots of higher scattering power, the other probably distorted in the for- 
tuitous perspective oivmg to the fast drying of the specimen 

Tw r enty-four-hour cultures show the beg innin g of differentiation usually m 
that the greater part of the cell contents appear to contract aw r ay from 
the poles of the bacilli, and generally towards the central axis of the cells, thus 
leaving the poles more or less empty and transparent The bacterial membrane 
then becomes very clearly visible and shows a structure consisting of two parts, 
one coarse, appearing like a branching system extending from the central axis, 
the other being the envelope or membrane proper (Fig 3) Bacilli from cultures 
more than 24 hours old show the progressive development of more or less well 
defined internal structures This differentiation, as mentioned above, may be 
an indication of approaching death (Fig 4 and 5) 

Whilst the three appearances described successively dominate the picture 
according to the age of the culture, it must be emphasized that, whilst at an}' given 
moment the majority show one appearance, cells can also be found at other stages 
of development 

It has also been possible to correlate the appearances seen m the election 
microscope with those observed on living cells in the ultra-microscope Althoug i 
with the ultra-microscope it is difficult to see internal structures in the lying 
bacilh before they have reached the state of granularity, it is just possi e to g ean 
indications that structures are present, with special methods sue i as ic u eo 
immersion media of a refractive index equal to or near that o t e lac err 
membrane (Merling, 1935) 
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Normal bacilli in the presence of bactenophage 

It is known from observations on living material that the first visible lesult 
of contact between a bacillus and bacteriophage is the loss of motility of the 
bacillus The flagella, which normally are quite active, become motionless 
v ltlun a few minutes of contact and the bacillus hes still It has, however, been 
\ ery difficult to observe a bacillus m this state m specimens prepared for examina- 
tion in the electron microscope 

Fig. 6 show s a bacillus with some phage bodies adsorbed, but it is impossible 
to say whether or not one has actually entered the bacillus The protoplasm 
of the bacillus is receding from the membrane unevenly 

Fig 7 show's a bacillus from a 6-hour culture winch has had twn minutes, 
contact wutli bactenophage Within the two minutes seven phage bodies have 
been adsoibed on the surface of the bacillus and one of them has entered the cell, 
where it can be seen nearly surrounded by the bacterial membrane, which has 
piesumably formed a slight extrusion, indicating entry by a foreign body , in 
the same picture is a small clustei of phage bodies 

Fig 8 show's a bacillus which differs from the “ normal ” only in so far as the 
bacillary protoplasm has receded from the membrane evenly all lound The 
head of one phage body has penetiated the bacillary membrane which is 
beginning to foim an extrusion around it 

In Fig 0 the entry of one phage body mto a slightly oldei bacillus is shown 
The bacillary membiane has not yet completely engulfed the phage body, w'hich is 
alieady dividing mto two phage bodies 

Fig 10 is anotliei example of one phage body inside an extrusion of the 
bactenal cell Tins is shown on the left of the figure underneath a small clustei 
of phage bodies 

It has not been possible to conelate the behaviour of the flagella as seen m the 
In mg state w ith the picture m the electron microscope All that can be said at 
the moment is that in a lvsmg cultuie theie appear to be moie free flagella than 
m the non-1} sing contiols, a fact which is known from obsei rations on living cells 

Bacilli infected by bacteriophage 

At the moment of contact between bacillus and bactenophage the bacillus 
teases to be normal although with the pie sent, technique changes m appeal ance 
become detectable onh when multiplication of phage has started within the 
bacillus Two types of changes m appearances can then be distinguished (a) 
those due to the ageing of the culture , (6) those due to the piesence of bacteno- 
plmge and the consequent piogressive lysis These two types of appearances 
become supei imposed 

The first stage m the multiplication of the bactenophage appears to take place 
at the point of enti\ as shown m Fig 10 

Fig 11 shows the point of eutiv with the extrusion from the bactenal mem- 
brane enveloping a phage body m simple division Tw o phage bodies are attached 
to the suiface of the bacillus 

When contact between phage and bacilli is maintained for longei than five 
minutes at 37° C the first and second stages of entry and multiplication at the 
point of enti v ai e accompanied h> further stages of development This indicates 
that newh grown bacilli are continually being infected, and lysis progresses wnth 
great rapiditc 
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Fig 12 shows a small area of greater density m the otherwise clear pole of 
the bacillus, which appeals to be a centre of multiplication 01 the beg innin g of an 
mtiacellulai colony aftei the entry of one phage body, although details of that 
multiplication cannot be discerned 

In Fig 10 the bacillus, of winch the greater part is shown, has two round 
masses at one pole, winch have some structuie and chffei m that lespect from 
polai bodies and other normal cell constituents 

Fig 13 shows a bacillus with snnilai masses in which the centies aie becoming 
slightly transparent, and Fig 14 shows several such round bodies coalescmg and 
beconung clearer m outhne It will be necessary to lefei to these appearances 
later 

In oidei to gam a pictuie of the furthei multiplication of bacteriophage 
various procedures were tried Fust of all it appeared promising to wash the 
bacilli in double distilled water in older to remove salts This was done aftei 
pieparmg the specimen m the usual way on the grid After one to five minutes’ 
contact at 37° C the meniscus containing the specimen was pipetted off, and dis- 
tilled watei at room temperature was apphed with another micropipette and 
sucked off, tlus being repeated three times The specimen was then transferred 
to a small desiccator, and dried quickly over phosphorus pentoxide by a watei 
pump 

This procedure did not have the desired effect of removing salts to any great 
extent On the other hand, it pioduced m some cells something that can only 
be legarded as an artefact, although it may be considered as similar to selective 
staining in hght microscopy Apart from the affected cells (Fig 15-18) there 
were always great numbers of cells similar to those of unwashed specimens It 
is not known what governed this selection 

The most outstanding feature presented by the affected cells (Fig 15-18) is 
the granularity of the bacilli On closer inspection it can easily be seen that theie 
are two types of granules of distmctly different size, (a) granules averaging about 
500 A and (6) granules about 200 A m diameter 

Fig 15 shows a bacillus with some fairly well-defined laige spherical structures 
inside, together with granules of the smaller type Attached to the bacillus, oi 
accidentally positioned near it, is a sphencal mass which may be interpreted 
either as a cell rounded up prior to bursting, or as a large extrusion from the 
adjacent bacillus containing a colony of phage 

Fig 16 is another example of similar appearances showing granules of the 
larger type The arrangement of the granules is well shown and, although theie 
seems to be mamly a random distribution, at some pomts semi-circular gioupmg 
can be seen 

Fig 17 shows a cell with large type granules, m which part-cncular arrange- 
ments of the granules can also be discerned 

Fig 18 shows small type granules and contraction of the protoplasm of the 
cell towards one pole and one side of the cell, as well as some chromatin globules 
At the left pole of the same cell, m which there is no polar body, there are about 
25 large type granules showing concentric semicncular arrangement 

Apart from granularity another effect shown as a result of repeated v ashing 
by nearly all the figures of such specimens (Fig 16— IS) is the disappearance o 
the bacterial envelope These effects will be considered in the t ccusuon 
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The tlmd stage of lysis consists of the disruption of the bacterial cell and the 
release of its contents 

Fig 10 shows the outflow of the contents of a cell which has just buist at one 
end Flagella, phage bodies and bactenal protoplasm can be discerned 

In Fig 20 a cell is also disrupting from one end, whilst the other end, not 
shown m the photogiaph, appears to be still intact A few phage bodies can be 
seen m the midst of lather coarse granules of bacillaiy protoplasm 

Fig 21 shows the bactenal protoplasm dispeismg from a cell, of which only 
the densest parts, l e polar bodies, etc , persist Lysis seems to proceed by chs- 
luption of the whole cell with complete disappearance of the cell membrane 
This pictuie compares well with the appearances seen m the living specimen m 
the ultia-microscope Great numbers of phage bodies can be seen m the dis- 
persing bactenal protoplasm, which seem to consist of droplets with well-defined 
sui faces giving the appearance of a foam among which the phage bodies aie 
mtei speised 

Fig 22 shows this bactenal piotoplasm togethei with phage bodies adhenng 
to it During the disruption of this cell the contents have spread out lather 
moie than usual, so that two negatives have had to be used to make tlus figiue 
In the left uppei comer can be seen a part-circulai arrangement of phage bodies 
The disiuption of the tysed cell may take any form, varying with local con- 
ditions m the immediate vicinity of the specimen 

In Fig 23 is shown part of a lysed cell m which a few phage bodies are still 
i et allied This figure shows that the phage bodies have a tail pnoi to dissociation 
fiom the lysed cell The tail cannot always be seen under such conditions owing 
to the veiy much reduced resolution brought about by the overlying protoplasm, 
which produces additional scattenng of the elections and therewith reduces con- 
tiast It can easily be seen that if the resolution demanded is m the neighbour - 
liood of 50 A and structures sepaiated by 50 A are suppoited oi overlain by a 
film, be it collodion oi piotoplasm of equal thickness within the same dimensions, 
such i esolution can be obtained only undei exceptional circumstances 

Attention has already been drawn to the part-circular arrangement of phage 
bodies of w Inch a few more examples aie given m Fig 24 and 25, in both of winch 
the dioplet stiucture of the bacterial piotoplasm is also apparent Repeated 
observation of the pait-circular grouping of phage bodies led to an attempt to 
discover the wav m which the phages multiply 

In Fig 10 1 1 and 14 some round masses aie showm inside bacilli of moie oi 
less mtact appearances In Fig 2G a lounded-up cell is showm m which the 
contents appear as one mass bordeied by 5 semicircles Tins is mterpieted as 5 
colonies of phage coalescing m the centre 

The inclusion bodv or intracellular colony need not necessarily be circulai 
or spherical In Fig 28 the phage bodies are of a slightly ovoid shape wutli 
no tails and are arranged altogether m two three-quarter circles, enveloped by a 
membrane These are regarded as two small colonies of phage which have been 
divclmiged m this state of development from a Ivsmg cell A similar aspect is 
shown in Fig 23 and 3<> in which however, the resolution is greatly leduced 
ow mg to the presence of bacterial protoplasm 

The breaking up of the colonies seems to be represented m the appearance 
of large clusters as showm m Fig 31, and smaller clusters as showm m Fig 32 
Fur 11 and .14 are further evidence of this part-cn culai grouping of the phages 
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Both figures exhibit low resolution owing to the piesence of bacterial piotoplasm 
The tiacrng of the multixilication of bacteriophage so fai has left out one 
important link, that of the development of two phage bodies from one 

Fig '35 shows three gioups of phage bodies, one of which is a group of five m 
a pait-circle anangement the two others consist of pairs of phages Closei 
scrutiny of these pail's shows the central pair to consist of two complete phage 
bodies with tails and divisions m the heads The division of the other pan is 
not cleai, and only one phage has a tail The lemarkable feature of this rnicio- 
giaph is the close proximity of the members of the pairs, so that they seem to be 
flattened against each other The resolution m this figure is very high compaied 
to that m Fig 9 and 1 1 , which show binary fission of phages still inside the cell 
The interpretation suggested is that these pairs mdeed repiesent phages m 
“ binary fission ” With tins figuie the evidence of multiplication is regarded 
as complete 

DISCUSSION 

Slunt survey of working conditions 

In any assessment of lesults obtained by means of the electron microscope 
it is necessary to appreciate the limitations as well as the advantages of the 
instrument 

The dehv di ation of the specimen in the electron microscope produces a pnon 
conditions most unnatural for living organisms, and in this respect the election 
nncroscope compares unfavourably with the hght microscope Radiation with 
hght even when concentrated as in dark ground illumination can be xendered 
more or less harmless with suitable hght sources and filters, whereas electron 
bombardment as used at present in the electron microscope cannot be vaned to 
any great extent, apart from keeping its intensity down to the minimum necessary 
to make visible the structuies to be observed, and to record them pliotograplucally 
Parallel to this bombardment goes the heating of the specimen Both these 
factors m addition to dehydration may alter the specimen 

When structures which are below the resolution limit of the hght nncroscope 
are under observation m the electron microscope, controls m the hght nncroscope 


EXPLANATION OF FJLUURRS 

Bad coh and bacteriophage Magnification about x 18,000 Fig 7,10 15, 10, 20 shadowed 
with gold, all others with gold palladium alloy 
Fig 11 reproduced from Nature by permission of the editors 


Plate I 

Fig 1 — Very young “ normal ” (12 hour culture) bacillus showing very little internal structure 
Fig 2 — Two very young “ normal ” (12 hour culture) bacilli showing polar bodies and other 
structures 

Fig 3 — Two bacilli from 24-hour culture showing increasing differentiation of internal 
structure and structure of membrane 

Fig 4 and 5 — Bacilli from older culture (36 hour) showing granules of various sizes 
Fig 0 — A bacillus whose protoplasm has receded unevenly from the membrane Some phage 
bodies are adsorbed, one is possibly inside the bacillus Contact 3 minutes 
Fig 7 — Bacillus (6 horn culture) after two minutes’ contact with bacteriophage bc\en 
phage bodies ha\e been adsorbed on to the surface of the bacillus one phage joi y un- 
entered the cell and is surrounded by the bacterial membrane Flagella in grea num >ers 
Contact 2 minutes , T . 

Fig 8 — A bacillus forming an extrusion around one phage body Its pro p 

receded slightly but e\ only from the membrane Contact o minutes , „ mem 

Fig 9 -Ent?y of one phage body mto one bacillus The extrusion from 1 1 e bacd n mem 
brane has not completeh surrounded the phage bod\ but this ha= nlrc < 

Contact 5 minutes 
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Plate II 

Fin 10 — Parts of two bacilli Between them a small cluster of phage bodies One phage 
body msido an extrusion of the bacterial cell on the top The lower bacillus shows two 
round masses m the pole Contact 10 minutes 

Fir 11 — A bacillus with (on the top) two phage bodies attached to its surface and (on the 
lower left) on extrusion enveloping a clearly visible phage body m simple division One 
thrown off phage tail lies opposite the extrusion Contact 8 minutes 

Fin 12 — A small area of greater density in the otherwise clear pole of the bacillus is a eontre 
of multiplication after the entry of one phage body Contact 5 minutes 

Fin 13 — A bacillus with two areas whose centres are slightly transparent These areas hav o 
some structure and differentiation which allows them to be distinguished from polar 
bodies and other normal cell constituents They are regarded as intracellular colonies of 
phage Contact 16 minutes 

Fi< 14 — A bacillus showing -these areas coalescing From plaque edge 

Fig 15-18 are taken from specimens that have been washed three tunes with doubly 
distilled water 

Fin 10 — A bacillus with small granules and a number of spherical areas of greater density, and 
attached to tlio bacillus a spherical mass which may be either a rounded up cell prior to 
bursting or a large extrusion from the adjacent bacillus containing a colony of phngos 
From plaque edge 

Fig 1(> — Two cells superimposed High resolution at the edge of tho cells shows tho part 
circular arrangement of the granules From plaque edge 

Fin 17 — Cell v ith largo type granules m part circular arrangements The polar bodies seem to 
be disappearing From plaque edge 

Fig 18 — Coll vv it li somo small typo granules m concentric semicucular arrangement From 
plaque edge 


Plate HI 

Fin 10 — Polo of a cell in tho process of bursting, discharging its contents of protoplasm and 
phage bodios The bended appearance of the flagella is duo to the coarse recrystalhzation 
of t ho gold coating From plaque edge 

Fit 30 — A similar picture to Fig 19 In the bacillary protoplasm tliero are fow phago 
bodies and large numbers of small type granules From plaque edge 

Fir 21 — Lysing cell, of which somo parts are persisting whilst others disperso together with 
phage bodies From plaque edge 

Fir 22 — (Taken on tw o negativ os ) Bacterial protoplasm of a lysed cell showing m the form 
of droplets to which numbers of phage bodies adhere In tho left upper comer the phages 
show- part circular arrangement From plaque edge 

1 k 21 — Part of a Used cell The phages adhering to it have tails Contact 30 minutes 

Fig 24 — Part circular arrangement of phage bodies adhering to tho protoplasm Contact 
70 mmutos 

I tr 27 — V similar picture of part circular arrangement of phage bodies and protoplasmic 
droplets Contact 70 minutes 

Fin 2l> — \ rounded up cell whoso membrane is faintly v isible The cell contents hnv o 
lonncd one mass with five semicireulnr bulges The edges of these bulges show greater 
<Un«itv Contact 1 hour 


Plate IV 

1 i< 27 — \ Used cell showing on elongated conglomeration of phage bodies From plaque 
cdije 

Fm 2s — Two part circular arrangements of phage bodies withm a membrane small colonies 
of phage discharged ns a whole from a Ivsed cell From plaque edge 
Tn' 2^ — Verv nearlv circular arrangement of phage bodies withm bacterial protoplasm 
From plaque edge 

I u 10 — iMirtilnr to Fig 20 Nearlv circular arrangement of pliage bodios From plaque edge 
] n U and 12 — Ijirge and small clusters of phage bodies breaking awaj from a previously 
v irt ular or -cnneireular arrangement From plaque edge 
1 ir ! 1 and 34 — Part circular arrangements of phage bodies still inside bacterial protoplasm 
of cell- just breaking up Contact I hour 

Fie ii — riiree groups of phage bodies one group m part-circular arrangement the other two 
consisting of pairs Resolution m this figure is ven high and allows of verj close scrutiny 

which rev eaK a remarkable closeness m the position of the members of these pairs, whieli 
sxjni to be flattened against each other binarv fission Contact I hour 




Merlin;' 



















ELECTRON-STOROSCOPICAL STUDIES OF BACTERIOPHAGE 


147 


become largely valueless Such controls, however, have proved their worth m 
the study of structures that fall within, or even shghtly beyond the known limi ts 
of the light microscope It is at this point, the “ limit of resolution ” m the hght 
nucroscope, where perhaps some progress is to be expected from knowledge gamed 
by observations with the electron microscope 


Bacteriological specimens 

The loss of water which all specimens must suffer m the high vacuum of the 
electron microscope may have totally unpredictable results as far as biological 
objects are concerned Some bactena have been shown to be flattened out 
from their normal rod shape into flat ribbons , others have kept their shape, as 
shown by their profiles and shadows All-round shrinking seems to occur rarely 
Very young forms thus may be small originally, as shown in the hght microscope, 
or their small size may be due to a relatively greater water loss than occurs with 
older forms, which presumably possess a stronger envelope Any statement 
with respect to the size and shape of micro-organisms and their parts must take 
those factors into account 

Electron bombardment and heat have very distinctive effects on the specimen 
Observation for several minutes generally leads to loss of contrast This is 
probably due to the deposit of tungsten oxide on the collodion membrane, which 
darkens the background Heat may wrinkle and tear the membrane, though 
tears are usually due more to electron bombardment than to heat A wnnkled 
and baked membrane is unsuitable for further examination A specific effect of 
electron bombardment is the “ building up ” of fine structures into thick, coarse 
artefacts The smaller the unit under observation the less will be the effect of 
dehydration, although heat and electron bombardment still exercise then distinct 
influences 

In the case of Bad coli the drying has resulted m most cases m severe flatten- 
ing of the bactena 1 cells, which has been apparent in profiles and shadows On 
the other hand, the bactenophage bodies do not show flattening, either in profile 
or by the shadowing method 

The picture presented by the electron microscope of “ normal ” bacilli in their 
ordinary development from the young uniformly filled cell to the granular appear- 
ance of the old form, corresponds closely to the well-known images seen with 
living bacilli m the hght microscope Minor difficulties of interpretation may 
arise from pictures showing old forms What is called “ granularity ” comprises 
a multitude of appearances, of which only two examples (Eig 4 and 5) are given 
here In many cells two types of granules can be distinguished {a) 2 or 3 large 
particles of about 0 3 |iin diameter, mostly situated m the poles of the bacillus, 
and ( b ) smaller particles of about 0 05-0 1 g in diameter, of which there may be 
great numbers In the electron microscope other cells may appear completely 
empty, or show only polar bodies of great density The arrangement of the 
smaller particles may be similar to that shown by intracellular colonies of phages 

However, it is the age of the culture that determines the proportion in which 
these various types of cells appear The impression has been gamed from the 
examination of raanj 7 hundreds of specimens that the life of the ordman bactena 
cell is speeded up in the presence of phage, resulting m quick ageing and ( eat i 

The first visible leaction of the majoritv of normal bacilli to the pre-nut o 

11 
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bacteriophage has been stated to be then loss of motility In the electron micro- 
scope the flagella of Bad coli are not seen regularly, and when visible appear to 
be mostly thrown off At any rate it has not been possible' to compare the 
behaviour of the flagella m “ normal ” cells and infected cells 

The fust real contact between bacteria and phages appeals to be a process of 
adsorption It is difficult to decide whether only one phage body can entei mto 
one bactenal cell Delbruck (1946) has speculated upon this piocess, which he 
likens to the “ fecundation of the monosperrmc egg ” The only evidence m 
favour of the one phage body one bacillus relationship is the lepeatedly observed 
fact that out of a number of adsorbed phages only one phage body pei bacillus 
has been sunounded by an extrusion of the bacillary membiane at the time of 
obsei ration (Fig 7, 9 and 1 1 ) The formation of this extrusion around one phage 
body only maj^ be another expression of the axiom “ First come fust served,” 
fii st pioposed by R Salaman m the case of potato viruses X and Y, wheie infection 
with one virus excluded the other It has not been possible to see anytlung of 
this piocess m the living specimen m the light microscope 

Theie aie sinnlai extrusions from “ normal bacilli ” Therefoie the extiusion 
may be (1) an effect of drying, (2) a sign of commencing disintegration, (3) a 
non-specific reaction due to local conditions, (4) a specific reaction to the entry of 
a foieign body, (5) a specific reaction to the entry of one phage body 

If the extrusion is specific and part of a mechanism preventing multiple 
entry, a surface alteration should take place m the structure of the membiane as 
a lcsult of phage entry On the other hand, the development of seveial mtia- 
cellulai colonies m one bacillus, while not excluding their ongm from one phage 
entry, w ould suggest multiple infection 

That the dense intracellular masses may be phage colonies has also been sug- 
gested by Wvckoff, although he states that the greater part of giowtli and multi- 
plication of the phage takes jdace m the discharged protoplasm of the dead 
bacterial cell O 11 I 3 improved teclimque can decide whether tins view is possibly 
correct The present author is of the opmion that most of the phage growth 
and multiplication takes place within the bacterial cell before its disruption, and 
that the finchng of phage bodies m clusters and adherent to discharged cyto- 
plasm is due to a slowing down of the process of lysis during the quick drying 
procedure, w Inch m many cases prevents the complete separation and dispersal 
of the phage bodies 

That the method of preparation of the specimen has a profound influence is 
shown b\ Fig 15- IS of specimens that have been washed 3 times with distilled 
watei It appears that m the examples shown the water has had a distinct dis- 
cocmtnc action upon the cell constituents No explanation is offered for the 
frequent complete disappearance of the bacillary membrane It is not yet known 
■whether this gianulanty represents phage colomes together with an even distri- 
bution of phage bodies over the whole interior of the bacillus, but an answer to 
this question mav a et be found with a different teclimque The sizes of granules 
displayed within the cells suggest that liquefaction of some of the cell constituents 
has occuned owing to the presence of the intracellular phage colomes, winch can 
then discharge the individual phage particles into the surrounding liquid Fig 
IG and 17 are perhaps most suggestive of this explanation The nature of these 
granules is uncertain because the\ are smaller than the phage bodies seen 
normallv It is likely that tlus liquefaction is an artefact brought about by 
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the distilled water The selective action of this washing on some out of a 
great number of cells indicates a different reaction on the part of these 
cells No normal cells have shown a similar or comparable appearance after the 
same treatment It is the relatively high incidence of these granulated cells 
that justifies the inclusion of these appearances The moment of disruption has 
been caught in Fig 19 and 20 The number of phage bodies adherent to the 
discharged protoplasm of the lysed cell may vary considerably, there being laige 
numbers in Fig 21, 25 and small numbers m Fig 22, 23 and 24 The greater 
the number of phage bodies adherent to remnants of the cell the greater is the 
chance of finding them in groups (Fig 21) A frequent appearance in these 
specimens is that instanced in Fig 26 and 27, where the interpretation of smgle 
oi multiple masses as inclusion bodies, or colonies of phage, suggests itself when 
the grouping of phage bodies is confirmed m definite assembhes (Fig 28, 29, 30, 
33 and 34) Coalescing colomes (Fig 26) can be recognized The finei structure 
of the phage colony, persisting after the disruption of the bacillus, is shown m 
Fig 28, 29 and 30 Fig 28 also shows that the colony has a membrane or some 
sort of envelope enclosing it The significance of colony formation by bacterio- 
phage hes, of course, m the implication that only a living organism is capable of 
doing so It is m full appreciation of this significance that the statements regard- 
ing intracellular colomes are made It is comparatively rarely that fully trans- 
parent colomes can be found, as is only to be expected, because the resolution 
m a specnnen must be reduced as soon as the overall thickness of the specimen 
exceeds a maxnnum value estimated at about 100 A Nevertheless, the grouping 
of the phage bodies emphasized repeatedly above can be seen easily enough 
Fig 33 and 34 are further examples of this particular arrangement of phage 
groups, which is regarded as an indication of the mode of multiplication, of which 
the first step is taken to be binary fission 

Wyclcoff suggests that bacteriophages develop from smaller forms If there 
is bmaiy fission there ought to be no need to interpret smaller granules as smaller 
forms of development Moreover, these smaller granules ought to be present m 
greater numbers than the fully grown phage bodies, particularly if lysis is inter- 
rupted at the right moment This, however, appears not to be the case On 
the other hand, appearances strongly suggesting binary fission can be shown both 
mtracellularly and extracellularly (Fig 11 and 35) Wyekoff further suggests 
as quoted above that “ most of the bacteriophage growth takes place m the proto- 
plasmic masses liberated by lysis,” that is, after the death of the bacilli In 
view of the colony formation described m this paper and experiments with othei 
living viruses, the present author holds that the multiplication of bacteriophage 
takes place to its gieatest amount within the bacterial cell before its disruption, 
although it is unlikely that the cell is still alive m the normal sense at the time of 
release of the virus There is, however, a strong possibility that some phage 
bodies not yet fully developed at the moment of disruption of the cell v ill finish 
their development while still attached to some discharged bacterial protoplasm 
Tins process can be likened to a clockwork running down, but is not regarded as 
the normal mode of multiplication of bacteriophage 

Smaller granules, similar to those shown m Fig I6-IS, have been seen in 
cncular or part-circular arrangement similar to the colonies shown in t us com 
mumcation, but they are rather isolated and uncorrelated observation 1 - me km 
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significance can not be assessed These observations are therefore not included 
m tins publication 

It is suggested from the evidence produced by means of the electron micro - 
scope undei control, as far as possible, of living observations in the light micro- 
scope that bacteriophage of Bad coli is a living organism which, like othei cell- 
paiasitic viruses, foims mtracellulai colonies in which the single units of the 
phage multiply by binary fission 


SUMMARY 

Experiments weie carried out with Bad coli and its bacteriophage mainly 
I 13 means of the election microscope, but m conjunction with the ultranncroscope, 
m ordei to determine the mechanism of lysis and the multiplication of phage 
It was necessary to examine first the appearances shown by “ normal ” 
bacilli m the various stages of their development This development was found 
to be speeded up m the piesence of bacteriophage 

It was found that apparently the first sign of infection of the bacillus by a 
single phage bod}' v as an extrusion of the bacillary membrane engulfing one phage 
body whilst otliei phages might lemam adsorbed to the surface The second 
stage of tlie infection seemed to be the formation of intracellular colonies starting 
from the fiist entiy and resulting in up to 6 such colonies to one bacillus In the 
thud stage, that of lysis, the bacillus burst either at one end oi by disrruption 
and disappearance of the bacillar}' membiane In the discharged contents of 
the cell were found cell constituents hke protoplasm, either as granules or as 
droplets, which might assume the appearance of a foam Bacteriophage appeared 
to multiply by binary fission, which v r as seen either m freshly infected cells a few 
minutes aftei entry or in discharged clusters of phage bodies Colonies, whethei 
mtiacelluhu or discharged and persisting, showed a well-defined membrane 

The expenses of this leseaich w r ere defrayed by the British Empiie Cancel 
Campaign 
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Many pemcillia, aspergill} and basidiomycetes have been shown to pioduce 
antibacterial substances when grown under suitable conditions A summaiy of 
the information produced by surveys m tins field will shortly be published (Floiey, 
Cham, Heatley, Jennmgs, Sanders, Abiaham, Flore}', 1949) This present paper 
records some results of a systematic attempt to fill m gaps m our knowledge of 
antibiotics known to be produced by fungi, but so fai not further investigated 
It is interesting m this respect to note that a high proportion of the pemcillia 
examined produced already well known substances 

n EXPERIMENTAL 

Geneial conditions of cullwe 

All the pemcillia investigated were grown m glass vessels on 500 ml of medium 
2 cm m depth Incubation was earned out at 24° C , the activity developing 
during culture being followed by the cylinder plate method of assay (Heatley, 
1944) 


Phoemctn fiom Pemcilhum rubium 

The culture fluid of P lubrum was reported to inhibit the giowth of Staph 
auieus by Miss M E Johns 


Conditions of culture 

The organism w as grown on glucose Sabouraud medium containing 1 per 
cent peptone, 2 6 per cent malt extract and 4 pel cent glucose foi eight da} s 


Isolation 

The culture fluid at the time of harvesting v as a redcbsh-puiple coloui On 
acidification tins colom disappeared, and the active principle was complete \ 
exti acted from the acid solution into chloroform bv shaking Micees^u e \ inf i 
one-half, one-quarter and one-eighth volumes of the solvent The -sellov c i oro 
form solution was shaken three times with one-tenth of its \olunie o =ot nim 
bicarbonate solution, when the active principle passed to the aqueous p ia-e 
■which became deep violet m colour 
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The exti action mto cliloioform and le-extraction with sodium bicaibonate 
w r as repeated, using smaller volumes of solvent, m order to effect some purification 
Final purification was effected by alumina chromatography The final chloro- 
form solution was evaporated, and the lesultmg yellow-brown crystalline material 
was recrystalhzed from ethanol 


Chemical propeities 

The active substance crystallized in plates, m p 229-230° C Found C 
58 61, H 4 17, CH 3 (C), 9 7 per cent, active H 1 03 per cent C 14 H 10 O 6 requues 
C 60 5, H 4 02, CH 3 (C) 10 9 per cent It was slightly soluble irf water, but 
soluble m chloroform, acetic acid and warm ethanol 

In aqueous solution it liberated io din e from acid potassium iodide, and it was 
l educed to a colourless compound by sodium hydrosulphite 

The substance appeared to be identical with the diqumone phoemcin, a com- 
pound isolated from P phoenicium v Beyma by Fnedheim (1938) and examined 
by Postemak (1938) Phoemcm was reported to have the molecular formula 
Ci 4 H 10 O 6 and to melt at 230° C 

Antagonistic properties 

The crude cultuie fluid showed activity against Staph aniens , C xeiosis and 
My co plilei 

Only a few nnlhgiammes of the antibiotic weie available for examination 
At a dilution of 1 1000 it gave a zone of inhibition 22 mm m diameter when 

tested by the cyhndei plate method against Staph aureus 


Expansine fiom Pemcillium equmum 

The culture fluid of P equmum was leported to inhibit the giowtli of Staph 
aureus and Bad coh by Miss M E Johns 


Conditions of culture 

The fungus v as giov.ii on modified Czapek-Dox medium containing 0 3 pei 
cent sodium nitrate, 0 1 pei cent potassium dihydrogen phosphate, 0 05 pei cent 
potassium chloride, 0 05 per cent magnesium sulphate MgS0 4 7 H 2 0, 0 001 per 
c cut of In drated fci rous sulphate FcS0 4 fELO and 4 pei cent of glucose Activity 
was maximal aftei about 10-15 days 


Isolation 

The cultuie fluid was shaken with 2] pei cent acid chaicoal and the nctnc 
principle eluted from the latter with acetone After distilling off most of the 
acetone the remaining fluid was passed tlnough a short, alumina column (pH 5), 
which lemoxed much of the pigment but none of the activity The antibiotic 
was extracted from the percolate with ether, and on evaporation of the ether an 
impure cnstalhne mass remained which was recr} stalhzed from hot benzene or 
cliloioform gn mg pure colourless crystals 
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('hnnical pioprilirs 

A ft or two ion \ stnlh/j»t ions the ervdals molted at 111 0 C On ndinixtuio 
with n sample of expamme (m p 1 1 1° (' ) the m p of the mixtmc was 111° 0 

When a solution of the metalline mateiml was wanned with 0 1 X sodium 
h\dro\ide solution a bright vellmv <olour developed Aftci ncutiahzmg the 
alkaline solution t lie addition of aqueous ferrous ehlonde gave a deep purplc-icd 
colon! ion The original aqueous solution gave no eoloui with ferric clilondc 
solution 

The suhstmue gave a vellow prot qntate with 2 4-dimtrophem lhydia/mc m 
aqueous 2 \-h\ drochlorn and which after reerv stalh/ation fiom nielli's 1 alcohol 
melted at -2 1 t> n 0 (deconip ) The i orresjiondnig piodtut from an authentic 
sample of oxpiinMno melted at 21(>° C The substance gav e an mange piecipitatc 
with phenv lhv dni7ine hvdiochlonde which aftei reel s stalh/ation fiom hot water 
melted at n2° 0 The corresponding product fiom expansme had the same 
melting ])omt (Raistrick, Birknislmw, Blacken and Michael, 1M4.1) 


Expansive fiow lYnicilhum novae /eclandiac 

The tultme Hind of P nmae zeclandtac was leported to inhibit the giovvth of 
Staph aurnis and Part roh bv Miss M E Johns 


Conditions of culture 

The fungus was giow n on glucose Nnbomaud medium coutammg I pel cent 
peptone 2 I pn cent malt extinct and I pci cent glucose Activity was maximal 
at about the tenth dav 


Isolation 

The active principle was lcmovcd fiom the cult me fluid at pH 4 by continuous 
extract ion with ether On cvnpoi at ion of t he et hci inipui e ci } stals w ci c obtained 
These wcic puufied by icci ystalh/ation fiom hot bciv/cnc 


Chemical properties 

The substance melted at 110° C The mixed melting point with a sample of 
expansme of m p 111° C was I10°C On waimmg a solution of the substance 
with 0 1 x sodium hydroxide solution a blight yellow eoloui developed Aftei 
neutiali/ing the alkaline solution addition of aqueous feme ehlonde gave a deep 
purple-ied coloiation The original aqueous solution gave no colour with 
feme ehlonde solution With phenyl-hydrazine hydiochlonde the substance 
gave an oiangc piecipitatc, which aftei eiystalhzation from hot water melted 
at 152° C With icspect to all these pi opei tics the substance was identical with 
expansme 


Mycophenohe Acid from Pemcillium vrridicatum 
The cultuie fluid of P vvi idicaturn was reported by Miss M E Johns to inhibit 
the giovvth of Staph aureus 
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Conditions of cult we 

The fungus was grown on the modified Czapek-Dox medium used ioi P 
cqmnum containing 5 per cent neutralized com steep liquoi Activity was 
maximal at about the seventh to the tenth day 


Isolation 

The active substance was removed fiom the acidified culture fluid by con- 
tinuous extraction with ether The biown gum which remained on evapoiatmg 
the ether was dissolved m ethanol, and the potassium salt of the substance was 
piecipitated by the addition of ethanohc potassium hydroxide After centrifu- 
gation the precipitate was washed with ethanol, dissolved m water, and the free 
acid then precipitated by the addition of 2 n sulphuric acid The precipitate 
was leciystallized from boihng water, giving small needle crystals 


Ch cm ? ca l pi opei ti es 

The compound melted at 141° C On admixtuie with an authentic sample 
of mycophenolic acid no depression in melting point was obseived 

The acetyl derivative was formed when 0 25 g substance was refluxed m an 
oil-batli at 120° C Avith 2 g acetic anhydride and 1 g anhydrous sodium acetate 
The mix tuie was poured mto watei, av hen the derivative foimed an insoluble 
piecipitate a\ Inch Avas recrystallized from glacial acetic acid M p 161° C Mixed 
melting point Avitli authentic acetyl mycophenolic acid 161° C The compound 
gave a blue Auolet colour Avitli ferric chloride in aqueous solution and a blue colour 
m alcohol 


Mycophenolic Acid fiom Pemcillium bialoAViezense 

The culluie fluid of P bialowiezense Avas lepoited by Miss M E Johns to 
inhibit the groAvth of Staph awens 


Conditions of culture 

The fungus a\ as giOAvn on glucose tSaboiuaud medium containing 1 pei cent 
peptone 2 0 pei cent malt extiact and 4 per cent glucose Activity Avas 
maximal betAvcen the tAientieth and tA\ enty-fifth days, av lien the culture fluid 
a\.w harvested 


Isolation 

The cultme fluid contained a peuicilhn-hkt antibiotic Avhich Avas destroyed 
be incubation of the culture fluid for tA\o hours at 17° C AAitli pemcillmase The 
presence of this substance presumably a penicillin, aaus resjionsible for about 
a third of the total aetmt\ After incubation Anth pemcillmase the culture fluid 
Avas extracted Avitli ether at pH 1, Avhich removed the residual actrre substance 
The ethereal solution A\as concentrated and a\ ashed three times Avitli one tAventieth 
of its A-olume of saturated sodium bicarbonate solution The mam bulk of the 
actn e pi mciple A\as extracted mto 0 5 >' sodium h\ droxide solution On addition 
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of h\ dim liloi it and to tho icMiltanl aqueous solution a is lute piccipitalc burned, 
winch t i \ si dh/ed ic.ulih on seintdnng tin \css<>l with a glass loti The sub- 
stance was icci \ stalh/ed fiom hot ben/t ne hot watei, oi preferabh fiom 1 
per tent aqueous alcohol when small tolouiltss needles weie obtained 

Chemical jirnjirrhc s 

The compound melted a t III* 0 and on admixture with an authentic sample 
of nn t ophenolie acid no depn s^ion of inp was obsened Found C 0*17, 
(>t o, H (> ul (i 0 ('ll n (( ') 7 I pt v i cent 0( '1 1 n 7 M"> pei tent Actisc H 0 16 per 
cent MW (Camphoi) 151 15‘t, 160 (lhugoi) i 1 -I C' JT ll„ 0 O c icquues C C3 7, 
li (> .1, M \\ 120 

The acet\l dematne was pieparcd as m the prCMous example and molted at 
101° G Upon admixture with an authentic sample of acet\I nn cophcnolic acid 
no de]>ression m m p was obspmd Found (! <>2 5, 11 o 11 C 10 H 21 O 7 lcquircs 

C 62 4, H 6 07 Barer (’ole and Thompson (I'MO) lepoitctl that the infia-rcd 
spectrum of the antibiotic isolited w.ss identical with that of the authentic 
sample of m\< ophenolie and 


Prnialhc Aral fiom Penn illium baaiuense 

M he uiltuie lluid of P banrnnmr was lepoited 1»\ Miss M 15 Johns to inhibit 
the glow tli of Staph aureus 


Conditions of culture 

The fungus was giown on a modified (7apek-])ox medium, as used foi P 
cquinvm, togethci with 5 pei cent neutiah/ed coin steep liquoi Activity was 
maximal m lo to 15 dajs 

Isolation 

incubation with penicillinase dostio\cd about one thud ol the total actmly 
oi the cultmc fluid 'J’hc activity of the lcsidual mateual was not appieciably 
diminished in the picsencc of catalase 

Aftei incubation with penicillinase, continuous extiaction of the culture fluid 
at ])H 2 with ethci and e\ apoiation of the ethei } lelded an oily mateual fiom which 
impuie orange-coloui ed crystals weie obtained 

The mateual w r as passed thiough an acid-washed alumina column (pH 5), 
when an active fi action was obtained which yielded almost colomless crystals 


Chemical piopcrlics 

The crystalline mateual was icciystallized fiom hot water, ^nelcbng ciystals 
melting at 05° C Aftei iccrvstalhzation fiom petroleum ether the substance 
melted at 84° (J It was found that specimens of pemcilhc acid from 
P baarnense, A queremus and A melleus, partly melted at 38 w en 
crystallized from watei, ethanol or ether The low-melting compoun was a 
hydrate which was dehydrated m a vacuum desiccator over phosphorus i pen oxi e 
to give the non-hydrated pemcilhc acid m p 84° C Found • ’ , 

C 8 H 10 O 4 requires C 56 4 pei cent, H 5 89 per cent With ammonium hydroxide 
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a maiketl pink coloui chaiactenstic of pemcilhc acid developed, and upon ad- 
mix tuie of the crystals with an authentic sample of pemcilhc acid no depiession 
m meltmg pomt occuned 

With phenylhydrazme the substance gave a yellow crystalline derivative, 
rnp 171° C 

The corresponding derivative from pemcilhc acid has been reported to melt 
at 171° C and 175° C (Alsberg and Black, 1913 , Bnkinskaw, Oxford and 
Raistuck, 1936) 


lie) quern fiom Pemcillium heiquei 

The culture fluid of P heiquei was lepoited by Miss M E Johns to inhi bit 
the giowtli of Staph aureus The antibactenal substance m the fluid has been 
isolated and named kerquem 

Conditions of cultuie 

The fungus was grown on a modified Czapek-Dox medium, as used foi P 
equmum 

Activity appeared between the 8th and 15th days and disappeared within 
24 h ms Erequent examination of the culture fluid and rapid extraction of the 
active punciple when pioduced were essential for the successful isolation of the 
antibiotic 

Isolation 

The cultuie fluid was acidified to pH 2 when a piecipitate foimed canymg 
with it all the activity The piecipitate was centufuged, suspended m watei 
and extracted with chloioform The active principle was extracted fiom the 
chloioform into aqueous solution at pH 7 5, and was then precipitated as a 
\ el low miciocn stallme solid by addition of liydrochloiic acid It was le- 
cnstallized from aqueous alcohol oi benzene 

Chemical piopeihes 

Heiquein foims > ellowish-biowm ciystals, m p 129° C (decomp) Bound 
C o') 84 II i 42, OCH 3 5 31, CH 3 (C) 10 5 pei cent C 19 H 20 O 8 lequnes C 60 G, 
II 5 2 The substance is sparingly soluble m w ater, giving a yellow solution which 
exhibits a bottle-gieen fluorescence on addition of alkali 

It is leadih soluble in ethanol and chloroform modeiately soluble m ethei 
and caibon tetiachlonde slightly soluble m benzene and insoluble m petroleum 
ethei It can be piecipitated fiom aqueous solution by means of lead acetate, 
and ieco\ered b\ decomposing the lead with sodium sulphate 

Antibacterial piopcrtics 

l)i J S Robertson tested the crude cultuie fluid against a wide variety of 
oiganism*', and leported activity against Sh shigac, Myco phlei, Sir pyogenes, 
1' chokrac Staph alines. Staph aureus and Ps pyocyanea 

Tested b\ the wheel plate method, a 1/500 solution of hei quern inhibited the 
glow tli of the El Tor \ ibno, 1 cholerae, C xeiosis and Staph aureus 

In senal dilution tests it inhibited the growth of Staph aureus and V cholerae 
at 1 2500, but not that of the El Tor \ ibno 
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Penn i//t fi l\hc Antibiotics fiow Penicillin 

The uiltuio fluids of P rviflaunnn P mrlcnqrmnm, P ilnmnuiuw, P iob,co- 
(itmiw Bimugo (Baum), P rosea ntrnnn Biourge (iVCTC) and P rosco- 
nlrnnn {!’ hi) wcie nil repmted to inhibit the growth of Staph aureus by Miss 
M ]- Johns 

Condition* of culture 

P nirflaucuw was grown on a modified O/apek-Dox medium, as used foi P 
ajuinun i, together with 5 pci rent neutralized coin steep liquor Acliwty was 
in.iMin.il in about 111 to n dais 

P incJcnqnnuin was grown on the abo\e medium Activity was maximal m 
5 to Id da\ s 

P rosco-ntrcum (X GT C strain) and P losco-cihcum (P 04) were glow'll on 
the aho\c medium whilst P rosco-citrcum (Banrn) was giown using a similar 
medium but without the addition of corn steep liquoi Acliwty was maximal 
in It) dais 

JJi tract ion 

In nil thc^e cases the culture fluid was acidified to pH 2 with h}diochlonc 
acid, and extracted with one scient h \ohime of citliei ether oi ethyl oi amyl 
acetates All the ncliwti was extiacted from the culture fluid at pH 2 and none 
at pH 7 or pH Id The organic sohent la\er was extracted -with phosphate 
buffer at pH 7 when the act nit i jiassed entireh into the aqueous lavci 


Chemical pro pert to. 

In each case activiti was totalli destroicd In incubation of citliei the ciude 
culture medium or the extract for two hours at ‘17° C with penicillinase oi by 
incubation in the presence of copper sulphate 

The actmtv was also destroyed bv heating the extract at 100° C foi 15 minutes 
at pH 2 and at pH *), and was partially destroyed by heating for 15 minutes at 
pH 7 

It is concluded that these penicillin pioducc pcmcilhn-likc substances 


SUM ill Ain 

Antibacterial substances have been extiacted fiom the cultuie fluids of 
1 3 pemcilha 

It has been found that six of these, P meleagrinum Biouige, P euglaucum, 
P diiancatum and three strains of P roseo-ntreum produce pemcilhn-hke anti- 
biotics alone, and that tw r o otheis, P baamense v Beyma and P bialoiviezense 
Zal , produce a pemcillm-like antibiotic, togethei with other antibiotics P aar- 
nense produces pemcilhc acid, P bialoiviezense and P vind tea turn pio uce 
mycophenolic acid, and P egumvm v Beyma and P novae zeelandiae v eyma 
produce expansme P herquei NCTC 1721 produces an antibiotic named 
herquein, which inhibits the growth of Staph aureus and some vi rios a ig 
concentrations P rubrum pi oduces a compound which has antibac ria prop 
which has been shown to be phoemcm 
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SURVEY OF PAPEFS 


OoTT'CH \l K \M> Lim> find Unit ovomucin in tho nnlv component of lion egg-white that lins 
tlio jvivvor to inhibit lin« mngglut motion bv Ik itedTvpe II influenza \ inis The mhibitorv power of 
ovomucin is r< idilv redueul In nctive inlliu nzn virus Tvjvs \ mid II In flu receptor-destroying 
« H 7 V me of tli(> I rbnn rho]rmr nnd nlso In trv psm (p 35) 

] im,( oon vsi) Woivvon hme ronlirined with two dimensional jnjar partition chronintogmphv 
tlnir onpmnl olwmitiims regarding the utilization of various annuo acids from ensom hvdrolvsnte 
medium during diphtheria toxin prodiu turn with tlmr strain of l’\V X and on the bisis of these 
roMilts Imvt uksI a modified medium fortified with glut mm and instead ofglvcme, which, in their 
hinds gives high litre toxin (10(1 Lf units/ml ) more t onsistentlv and is accompanied In a more 
t ompU te utilisation of ammo acids ns tit ten t< d In jnjver chmmntognphv (p 01) 

HutM-S has investigated an antibiotic jiroducetl l>v a strain of B htlrrosporitt Evidence is 
presonttsl for the t xistence of two separate though (IomIv relaUsl substances winch have been 
named InUrosjionn \ anti lnt< rosjvonn II (p I (Kl) 

Gov vs nn I’vitkis find tlint the oral administration of column chlondo to rabbits cansos 
extensive focal necrosis in tlu liver and necrosis of the tubules in the pixtn medullary region of 
the hielniv (p 10 r >) 

C.'nt-Cviuv hns txanuncsl 17 sjieucs of nsjiergilh for the ahihtv to produce antibiotics nnd 
finds that 20 strains produce suhstanc c s with some nntilnctenal nctiv itv r (p 114) 

CilLt Cum hns made a further investigation of the antibiotics produced by one strain each of 
six species of tho nsjMrgilh described in the preceding pnpe r (p 11')) 

Hovil dcscnlies a method of observing tho effect of am suhstanco on the mtracollulnr growth 
of influenza varus \. in egg cultures He finds that certain triphenylmotlmno d\ cs can readily retard 
and rcduco tho lntrncellulnr growth of the v irus (p 12 5) 

Gardm r dcscnlics tho production nnd projKrties of An antibiotic formed by a stram of Stapli 
mtrcuJi The properties of the antibiotic are such as t-o make it prohablo that it will hav r o no thorn 
peutic application (]) HO) 

Mfrltso hnB made nn electron microscopical studv of tho infection of Bad coh by bacteriophago 
Bacteriophage appears to multiply by binary fission w Inch is seen either in freshly mfeoted colls 
a fow minutes after entry or m discharged clusters of phage bodies (p 130) 

Stowar Burton describes tho production and properties of antibacterial substances winch 
hnv o been extracted from tho culture fluids of 1 3 penicillin (p 151) 
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A close correlation between kationic ionisation and antibacterial properties 
lias been demonstrated in the acridine series (Albert, Rubbo, Goldacre, Davey 
and Stone, 1945 , Albert and Goldacre, 1948) Those acridines winch are 
sufficiently strong bases to be more than 50 per cent ionized at pH 7 3 were found 
to exert a strong bacteriostatic action, whereas v eaker bases were found relatively 
ineffective Because no other series of bases has ever been investigated, along 
these lines, it was not known whether this type of correlation pertains only to 
the acridine senes or is capable of wider application 

The aim of the present work has been to extend tins mvestigation to a 
representative number of other heterocyclic series in order to discover whether 
these would resemble the acridines m that the highly ionized members would 
be more antibacterial than the poorly ionized members 

The results of these investigations plainly showed that katiomc ionization 
markedly mcreases antibacterial action m the following seven series, the three 
isomeric benzquinoline senes, the phenanthndmes, and the three isomeric 
benzaendme senes 

All these substances have molecules with a large area of flat surface an 
architectural feature which was shown to be necessary for this type of anti- 
bacterial action When it was incorporated m the quinoline and the pyridine 
series, the correlation between ionization and antibacterial properties was again 
easily demonstrated These results led to a general discussion of the factors 
which govern the antibacterial action of organic bases 

* Present address 183, Euston Road, London, NW1. England. 
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MATERIALS AND METHODS 


Organic chemistry 


Chemical 


Of the 96 substances listed in Tables I, II, m, IV, V and VII, 33 were 
previously unknown, and bad to be specially synthesized to fill important gaps 
in the data The preparation of the new benz quinolines, phenanthridines and 
benzacndines is described by Albert, Brown and Duewell (1948), and of the 
older examples by Albert, Goldacre and Philkps (1948) The three series of 
benzqumolines (II, III and IV , Table I), the phenanthridines (V) and the 
three series of benzacndines (VI, VII and VIII , Table II) have been numbered 
according to the British system , those who use the American system will find 
a key for mter-conversion m Table VTTT 

The preparation of the styryl compounds, the guanidines and the diguamdes 
has been described by Royer (1949) The acridine derivatives were descnbed 
m our previous paper (Albert et al , 1945) The aliphatic amines (No 87-89) 
m Table VII were kindly supplied by Dr K Sutherland, of the Division of 
Chemistry, Council for Scientific and Industrial Research, Melbourne The 
source of the remainder of the substances is as given by Albert, Goldacre and 
Phillips (1948), except where otherwise indicated 

Careful attention was paid to bringing all test-substances to a state of complete 
analytical purity 


Physical chemistry 

The majority of the pK a values given m this paper have been taken from 
Albert Goldacre and Phillips (1948) The others, unless otherwise mentioned m 
footnotes to the tables, were kindly determined by Sir J N Phillips 

Some of the published pK a values have been determined only m dilute alcohol, 
«o that it was necessary to add a correction to convert these figures to the 
equivalent values for water For each senes the magnitude has been obtamed 
In averaging those corrections foimd necessary where pK a values have been 
determined both m water and alcohol, as follows 

Benzqumolines and phenanthridines . 1 0 unit 

Benzacndines 0 7 ,, 

Acndines, quinolines and pyridines 0 5 ,, 

Those values winch have been obtamed by correction have been placed m 
parentheses m the tables They are subject to an error of about ±02 unit, 
n Inch is of no consequence in the present work except for pK a values lying 
betncen G 3 and S 3, at pH 7 3, where a small change in pK a can cause a 
relatively large change m percentage ionization because of the shape of the curve 
at this point Fortunately very few values falling within this range had to be 
corrected 

Bacteriological 

The teclunque, the test organisms and the medium (Wright’s heart broth 
with added peptone and 10 per cent of sterile, unheated ox serum) were as 
defined by Albert et al (1945) The usual heavy inoculum was used, viz 0 03 
ml of a 24-hour culture in 2 5 ml of medium, thus providing at least one million 
organisms per tube 
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The biological insults m the fables arc recorded m terms of the actual chemical 
base m order to eliminate emus due ( 1 ) to varying amounts of water of crystall- 
ization and (n) In acid radicals of different molecular weight The free bases 
were dissolved m valor with the aid of 1 to 1 5 equivalents of hydiochlonc or 
acetic acul 

That dilution completely preventing visible growth after 48 hours’ incubation 
at 37° C v ns taken as the end-point of bnctcnostasis To this dilution a code 
number was assigned according to the follow mg key 

Key to dilutions to be used for all tables dealing with antibacterial activity 

0 signifies growth at 1 m 6000 (calculated ns base) 

1 ,, inhibition of growth at I in 5000 

2 „ „ „ 1 „ 10,000 

3 „ „ „ 1 „ 20,000 

4 „ „ „ 1 „ 40,000 

5 ,, , ,, 1 ,, 80,000 

0 „ „ „ 1 „ 100,000 

7 „ „ „ 1 „ 320,000 

S ,, ,, ,, I ,, 040,000 

It wall be appreciated that, as these figures vary by a factor of tu r o, a sub- 
stance giving the reading “0” is eight times (2 3 ) ns powerful as one giving the 
reading “ 3 ” 

All tests were done m duplicate In the case of all substances having special 
bearing on the hypotheses developed here, the tests wore repeated, again in 
duplicate 

RESULTS 

(i) The Isomer ides of Acridine 

Acridine may be regarded as 2 3-benzquinolmo It w r as therefore decided 
to examine all the isomerides arising w hen one benzene ring m acridine is moved 



(I, Acridine) (II, 5 G-Benzquinohne) (III, 6 7-Benzquinoline) 



(IV, 7 8 -Benzquinoline) (V, Phenanthndine) 
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Table I — Antibacterial Properties of Benzquinohnes and Phenanthndmes 
Highest Dilutions Completely Preventing Visible Growth %n 48 hours at 37° G 

Medium 10 per cent serum broth, pH 7 2-7 4 


Bacterio 

static 






Organisms 



Index 

(sum 


Per cent 








pKn in 
water at 
20° C 

ionizod 
(kntion) 
at 20° C , 
pH 7 S 

Xo 

Substance 

Cl 

wel- 

chxi 

Sir 

pyo- 

genes 

Staph 

attr 

eus 

B 

colt 

-V 

Pro- 

teus 

total 
of code 
numbers 
of 

inhibitory 

dilutions) 





1. 

5 Aminoacndme (for comparison) 

6 

6 

. 4 

4 

4 

. 24 

10 0 

100 


6 Q-Benzqmnolme — 









2 

(Unsubstituted) 

1 

1 

1 

0 

0 

3 

5 1 

<1 

3 

1' Anuno- 

2 

' 0 

0 

0 

0 

2 

5 0 

<1 

4 

3'-Ammo- 

0 

0 

0 

0 

0 

0 

(5 0) 

<1 

5 

4'-Amino- 

1 

1 

0 

0 

0 

2 

5 2 

<1 

6 

2-Methyl- 
2' 4'-Diammo- 

2 

1 

1 

0 

0 

4 

(6 4) 

1 

7 

0 

0 

0 

0 

0 

0 

(5 9) 

4 

8 

2-Amino-4 methyl- 

4 

3 

0 

0 

0 

7 

7 1 

39 

9 

4-Amrno- 

0 

3 

2 

3 

2 

16 

(9 0) 

98 

10 

4 Ammo -2 methyl- 

5 

4 

2 

3 

1 

15 

(9 4) 

99 


G 7 -Benzquxndhne — 









11 

(Unsubstituted) 

1 

. 2 

0 

0 

0 

3 

5 0 

<1 

12 

8 Chloro- 

0 

0 

0 

0 

0 

0 

(3 5) 

<1 

13 

4-Amtno 2-methyl 8 ehloro- 

2 

. 2 

0 

0 

0 

4 

(0 9) 

28 

14 

3 4-Diamino- 

5 

4 

2 

2 

0 

13 

(9 1) 

98 

15 

4- Amino - 

7 

4 

3 

3 

2 

19 

(9 7) 

100 

10 

4 Ammo-2-mothyl- 

0 

5 

3 

3 

1 

18 

(10 4) 

100 


7 8 Bcnzquinohnc — 









17 

(Unsubstituted) 
l'-Ammo 2 methyl- 

2 

0 

0 

0 

0 

2 

4 2 

<1 

18 

0 

0 

0 

0 

0 

0 

(5 7) 

3 

19 

0 Ammo-2 mothyl- 

0 

0 

0 

0 

0 

0 

(6 2) 

7 

20 

2 Ammo 4 mothyl- 

2 

0 

0 

0 

0 

2 

6 7 

20 

21 

4 Ammo 

6 

5 

3 

4 

2 

19 

(8 7) 

96 

22 

4-Ammo 2-metliyl- 

0 

5 

3 

3 

1 

18 

(9 0) 

98 


Phcnanthndme — 









23 

(Unsubstituted) 

2 

2 

1 

0 

0 

5 

(4 3) 

<1 

24 

7 Ammo 9 motliyl- 

0 

0 

0 

0 

0 

0 

(6 2) 

7 

25 

2 Ammo 9 mothyl- 

3 

2 

1 

0 

0 

0 

(6 7) 

20 

20 

9 Ammo- 

4 

4 

2 

2 

2 

14 

7 3 

50 

27 

2 7 Dmramo 9 mothyl- 

5 

4 

3 

1 

0 

13 

(7 3) 

50 

28 

2 7 9 Tnamino 

0 

6 

4 

1 

0 

10 

(9 1) 

98 


to nil the other possible positions on the quinoline skeleton Thus 3 4-benz- 
qumolme (ulnch is known as “phenanthndme ”), and the 5 6-, 6 7- and 7 8- 
benzqumobnes, winch do not have special names, were examined To these 
were added a sufficient number of their ammo-derivatives, so chosen as to cover 
the range from the almost non-iomzed to the almost completely ionized at the 
pH of the test, viz pH 7 3 The results are given in Table I, and the relevant 
structural formulae are at the head of this table 5-Ammoacndme (Aminacrine, 
BP), ulnch is one of the best of the highly ionized acridines, has been included 
as a standard 

It is seen from Table I that a strong positive correlation exists, in all four 
senes, between the ionization of the bases and their antibacterial action As 
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soon ns the baste strength is high enough to bring about ionization to the extent 
of 50 per cent or more, the antibacterial titre increases considerabty In short, 
the bacteriostatic index lemnins below 7 ns long as the ionization remains below 
50 per cent , but w lien the ionization equals or oxceeds this figure, scoies as high 
as 10 (eg 4 -anuno-7 S-bcnzqumolmc, No 21) are obtamed 

Although this correlation resembles that found in the acridine senes, it is 
evident that the highest score, 10, falls short of the figure, 24, obtained -with 
5-aimnoncridmc (No 1), and that the four series exemplified m Table I are not 
all equally nctrv c 


(n) The Bcnzohgucs of Acridine 

Benzologues are those substances differing from one another b} r the presence 
of more, or fewer, benzene rings, each of which shares two carbon atoms with 


AAA 

u 

(VI, 1 2-Benzncridme) 



(VII, 2 3-Benzacridme) 



(VIII, 3 4-Benzacndme) 


No 


29 

30 

31 

32 

33 

34 


35 

30 

37 

38 


39 

40 

41 

42 

43 

44 


Table II — Antibacterial Properties of Bcnzacridmcs Highest Dilutions 
Completely Preventing Visible Growth in 48 how s at 37° C 


Medium 


Substance 


1 2 Bcnzacrtdinc — 
(U nsubstituted) 

7 - Ammo - 
8 Ammo 

5 Ammo 4' mtro- 

6 Ammo- 

4' 6 Diammo- 

2 3 Bensacndme — 
(Unsubstituted) 

5 Acotomido 

7 Ammo- 

6 Ammo 

3 4 Benzaendme — 
(Unsubstituted) 

8- Acotnrmdo- 

7 Ammo 

8 Drmethylammo- 
8 Ammo 

5 Ammo- 


10 per cent senun broth, pH 7 2-7 4 


''cT 

reel 

chu 


Orpanlsms 


Sir Stnph 

Tito- aur 
genes eus 


n 

cd 1 


0 0 

0 0 

4 4 

G 1 

8 0 

7 7 


1 2 

0 0 

2 0 

7 7 


0 0 

0 0 

0 0 

4 5 

7 5 

7 6 


0 0 

0 0 

3 0 

0 0 

0 3 

0 3 


0 0 

0 0 

0 0 

6 4 


0 0 

0 0 

0 0 

2 0 

5 0 

6 3 



Bnctcrio 




static 

Index 

(sum 

pKa In 
■writer at 
20° C 

Per cent 
ionized 
(tatlon) 
at 20° O , 
pH 7 3 

Pro 

teus 

total 
of codo 
numbors 
or 


Inhibitory 

dilutions) 



0 

0 

(4 1) 

<1 

0 

0 

(4 7) 

<1 

0 

11 

C 7 

20 

0 

7 

(7 1) 

39 

0 

23 

(8 8) 

97 

2 

26 

(9 1) 

98 

0 

3 

(6 2) 

<1 

0 

6 

(6 3) 

1 

0 

2 

(6 1) 

6 

1 

24 

(10 4) 

100 

0 

0 

4 7 

<1 

0 

0 

(5 2) 

<1 

0 

0 

{6 7) 

3 

0 

11 

7 3 

60 

0 

17 

7 4 

56 

2 

23 

(9 1) 

98 
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another ring The most familiar example of benzologues is the family benzene, 
naphthalene and anthracene Pyridine, quinoline, acndrne and the benzacndmes 
form a similar family of benzologues, the members of -which have now been 
examined for evidence of correlation between ionization and antibacterial action 
(Tables II and III) A sufficient number of ammo-derivatives have been 
included to cover a wide range of percentage ionization, and, in the case of the 
aminoquinolines and ammopyndmes, every possible isomeride has been tested 
It is seen from Table H that a strong positive correlation exists, m all three 
benzacridine series, between the strength of the bases and their antibacterial 
action Those bases strong enough to be more than 60 per cent ionized are 
very much more antibacterial than those which fall below this figure The high 
scores m this series (eg a bacteriostatic mdex of 23 to 25 for No 33, 34, 38 and 
44) show it to be the equal of the acndme senes (c/ 5-ammoacndine, No 1, one 
of the best of the amino -acndines) 


(IX, Quinoline) (X, Pyridine) 

Table III — Antibacterial Properties of Quinolines and Pyridines Highest 
Dilutions Completely Preventing Visible Growth m 48 hours at 37° C 
Medium 10 per cent serum broth, pH 7 2-7 4 


Bnctcrio 

static 






Organisms 



index 

(sum 

pKa in 

Per cent 

Xo 

Substance 

Cl 
it -el 
chit 

Sir 

pyo 

genes 

Slaph 

aur 

CHS 

B 

coll 

Pro- 

teus 

total 
of code 
numbers 
of 

■water at 
20° C 

lUUUiCU 

(kation) 
at 20° C , 
pH 7 3 


Quinoline — 






inhibitory 

dilutions) 



43 

(Unsubstituted) 

0 

0 

0 

0 

0 

0 

4 9 

<1 

4G 

8 Amino 

0 

0 

0 

0 

0 

0 

4 0 

<1 

47 

3 Ammo- 

0 

0 

0 

0 

0 

0 

4 9 

<1 

4S 

5 Ammo 

0 

0 

0 

0 

0 

0 

6 5 

2 

49 

0 Ammo- 

0 

0 

0 

0 

0 

0 

5 6 

2 

50 

7 .Ammo 

0 

0 

0 

0 

0 

0 

0 0 

17 

31 

2 -Ammo 

0 

0 

0 

0 

0 

0 

7 3 

60 

32 

4 Ammo 

0 

0 

0 

0 

0 

0 

9 1 

98 

03 

2 4 Diarruno 

2 

2 

0 

0 

0 

4 

9 4 

99 

54 

4 Ammo 2 metlnl- 

0 

0 

0 

0 

0 

0 

9 4 

99 

55 

4 Ammo 2 0 S trimethyl- 

2 

2 

0 

1 

0 

5 

10 4 

100 

50 

4-Amrno 2 pliem 1- 

3 

2 

1 

1 

0 

7 

(8 2) 

89 


Pyndmc — 









37 

(Uns ub=tituted) 

0 

0 

0 

0 

0 

0 

5 2 

<1 

5S 

3 Ammo- 

0 

0 

0 

0 

0 

0 

0 0 

5 

SO 

2 Ammo- 

0 

0 

0 

0 

0 

0 

6 9 

28 

00 

4- Ammo- 

0 

0 

0 

0 

0 

0 

9 1 

98 


It is seen from Table III that the quinolines and pyridines, which are the 
lower benzologues of the acridines, are almost devoid of antibacterial action, 
even vhen well ionized Their lack of antibactenal properties can be explained 
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(XI 2-Styrvlquinohnc) (XII, 2-(S-Phenylbutadienyl)-qumolme) 



(XIII, 2-Anthrylguanidme) (XIV, 2-Naphthyldiguanide) 


Table IV — The Effect upon Antibacterial Action of Decreasing or Increasing the 
Flat Area of Various Molecules Highest Dilutions Completely Preventing 
Visible Grouth m 4S hours at 37° C 


Medium 10 per cent serum broth, pH 7 2- 




Orrtnnlsms 



Bacterio- 

static 

Index 

(sum 

Cl 

trel 

chu 

Sir 

Staph 

J] 

Pro 

total 
of code 

Wo- 
ve net 

aur- 

eut 

colt 

tout 

numbers 

of 

Inhibitors 

dilutions) 

. 0 

1 

0 

0 

0 

1 

6 

6 

4 

4 

4 

24 

3 

4 

4 

2 

0 

13 

7 

7 

5 

4 

1 

24 


Sub«tanco 


A Area diminished — 

01 5 Ammo G 7 8 9 tctmhjdro- .0 1 0 0 0 

acridine 

(1) (5 Aminoneridmo for comparison) 0 C 4 4 4 

62 5-Ammo-0 7 8 9 tetrnlijdro 2 3- 3 4 4 2 0 

benznendino 

(38) (5-Ammo 2 3 benzacridino for 7 7 5 4 1 

comparison) 

B Area increased — 

63 G Ammo 2 styrylquinolmo 0 0 0 0 0 

(49) (0 Ammoquinoline for comparison.) 0 0 0 0 0 

64 4- Ammo 2 st> rylquinohne 5 5 4 2 0 

(52) (4-Ammoquinolmo for comparison) 0 0 0 0 0 

Go 4-Ammo 2 (p ammostyryl) 5 5 2 3 0 

quinoline 

66 4-Ammo 2 (p dimethylummo 4 4 4 2 0 

styryl) quinolmo 

67 4-Ammo 0 -etlioxy-2 styryl- 6 6 4 0 0 

qumolmo 

68 4 Ammo 6 ethoxy 2 (o-phcnyl 6 6 3 0 0 

butndienyl)qumolmo (XTL) 

G9 4 Ammo-2 6 distyTylpyridmo 5 5 3 1 0 

(60) (4 Aminopyridme for comparison) 0 0 0 0 0 

O Senes of increasing area — 

70 Phenylguamdme* 0 0 0 0 0 

71 2 Naphthylguamdine 0 0 0 0 o 

72 2-Anthrylguarudmo (XIII) 4 4 4 0 

73 Phenyl-N 1 diguanidef 0 0 0 O 

74. 2-Naphthyl N 1 diguamdet (XIV) 1 I ~ n 

76 2-Anthryl N 1 diguamde 4 4 4- 

* Prepared as in Smith (1929) 

f Prepared as in Cohn (1911) and Smolka and Halla 
J Prom Davis and Elderfield (1932) 


pKa in 
vrntcr at 
20° C 


10 0 
(10 3) 

(10 4) 


Per cent 
Ionized 
(kntlon) 
at 20° C , 
pH 7 3 


16 

(9 3) 

99 

0 

9 1 

98 

15 

co 9 5 

99 

14 

(9 7) 

99 

15 

co 9 5 

99 

15 

co 9 5 

99 

14 

(8 6) 

95 

0 

9 1 

98 

0 

10 9f 

100 

0 

10 7 

100 

12 

11 0 

100 

0 

10 7 

100 

2 

10 7 

100 

12 

10 4 

100 


(1901) 
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by the decreased area, of the surface of these molecules It has been noted 
(Albert et al , 1945) that a highly significant decrease m antibacterial properties 
follows the hydrogenation of 5-aminoacndme to 5-ammotetrahydroacridme, 
an operation which reduces the flat area of the parent molecule This important 
phenomenon has been confirmed, as shown m Table IV, where the activities of 
5-aminoaendine (No 1) and 5-ammotetrahydroacridme (No 61) are compared 
An attempt was made to restore antibacterial action to the quinoline, pyridine 
and tetrahydroacridme senes by increasing the area of the flat surface of their 
molecules m vanous ways, which will now be described These modifications of 
structure will be seen to have caused a profound increase m antibacterial activity 

It can be seen from Table IV that the addition of a styryl group to 4-ammo- 
quinolme (No 52), which is not antibacterial, gives 4-ammo-2-styrylqumolme 
(No 64), thereby introducing mto the quinoline senes antibactenal properties 
of the same order as the best of the benzqumohnes No 65, 66, 67 and 68 are 
further examples Similarly, the addition of two styryl groups to 4-ammo - 
pyndme (No 60), which is not antibactenal, gives 4-ammo-2 6-distyrylpyndine 
(No 69), winch has considerable antibactenal activity 6-Ammo-2-styryl- 
qumolme (No 63) has been mcluded to demonstrate that an mcrease m flat 
surface does not of itself increase antibactenal action the base must be strong 
enough to secure a high degree of ionization at the pH of the test 

The addition of a flat ring to 5-ammotetrahydroacridine (No 61) gave its 
benzologue, 5-ammotetrahydrobenzacndme (No 62) Parallel to this restoration 
of flatness, a considerable proportion of the antibacterial activity is seen to 
have been restored 

No 70-75 are two series of non-hetero cyclic benzologues, the aryl- 
guamdmes and the aryl-diguamdes It is seen from Table TV that here also 
a strong antibacterial action does not appear until a sufficient area of flat surface 
of the molecule has been built up as m the three-rmg anthracene nucleus of 
No 72 and 75 


\Anh 


(XV, 2-Aunnothiazole) 

CH 



NH 



2 

(XVI, 2-Aminobenz- 
tlnazole) 


N 


/y\ 


(XVIII, 2-Ammo-4 6- (XIX, 2-Ammo-' 

dimethylpyrimidine) qumoxahne) 



2 


(XVII, 2-Aminobenz- 
lmmazole) 





,N 


NH 


(XX, 1-Amino- 
phthalazme) 



CHEMICAL CONSTITUTION AND .ANTIBACTERIAL ACTIVITY 


167 


© 


AA, n "zVVV'v"^ 


w 

(XXI, Qmnn7ohnc) 


(XXIT, Phenazinc) 


vw 

(XXIII, Tiuomne) 


Table V — Examples of Lacl of Antibacterial Activity m Heterocyclic Amines winch, 
hate One or More of the Following Defects (a) Insufficiently Ionized, (b) 
Insufjicient Flat Area per Molecule, (c) Well Ionized, but Easily Reduced to Poorly 
Ionized Substance Highest Dilutions Completely Preventing Visible Growth m 48 
hours at 37° C 


Medium 10 per cent serum broth, pH 7 2-7 4 


Tvpc 

Ho Snb'tancc of 

defect 


7G 2-Aminothia7olo (XV) A, B 

77 2-Aminobon7thiQ7olo (XYT) A B 

78 2-Ammobcn7imina7,alo B 

(XVII) 

79 2 Amino 4 G dimothjl- A, B 

pvrtmtdtno (XVHI) 

80 2 Aminoquinoxnlino (XIX) A, B 

81 l-Anunophthaln7ine (XX) A, B 

82 2 Ammoquinn7ohne A, B 

83 4 Aminoquinnzohno A, B 

84 2 Ammo 8-dimothj lnmino A 

3 methj lphenazino 
(neutral red) 

85 Thionino (Lauth’s a. lolot) C 

(XXIII) 


Bacterio- 

static 




Onnnlsms 



Index 

(sum 

Cl 

irel 
cl, It 

Sir 

tnph 

D 

Pro- 

total 
of code 

pi lo- 
grtiri 

aur 

fits 

coll 

triti 

numbers 

of 

Inhibitory 

dilutions) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

1 

o 

0 

0 

5 


86 Tctmmethj lthiomno 
(methyleno blue) 


C 1 3 1 0 0 


5 


* Clark and Perkin (1932) 
t Phillips, Clark and Cohen (1927) 



Per cent 

pKa In 

Ionized 

water at 

(1-ation) 

20’ C 

at 20’ C 


pH 7 3 


5 4 

1 

4 5 

<1 

7 5 

61 

4 8 

<1 

4 0 

<1 

G G 

17 

4 4 

<1 

5 7 

3 

6 9* 

28 


oxidized 

Ilf 100 

reduced 

5 3| 1 

oxidized 

>llt ioo 

reduced 
5 8f 3 


A number of heterocyclic bases, belonging to nine senes not previously 
discussed, have been sampled m Table V It mil be seen from Table Y that 
none of these substances achieves high antibactenal activity The reasons for 
this lack are dealt with further m the discussion 


DISCUSSION 

(i) Heterocyclic Bases 

This discussion is built around the two principles which the foregoing resnte 
indicate to be the most important limiting factors governing anti a c J*ia 
m heterocyclic bases These are (a) adequate ionization an ( ) a 9 
for the flat surface of the molecules 
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It had been shown m Part II (Albert et al , 1945) that a high degree of 
bactenostasis in the acridine senes occurs only in those members which are 
strong enough bases (as measured by the pK a value) to ionize to the extent of 
at least 50 per cent at pH 7 3 

A similar correlation between bactenostasis and ionization has now been 
demonstrated m a number of other heterocyclic senes (Tables I, II and IV), 
The most obvious examples are those contained m Table I, which deals with the 
benzquinolines and phenanthndmes (which are isomendes of acndine), and in 
Table II, which deals with benzacridines, which are higher benzologues of acridine 
(see illustrations at the head of tables) In the three isomenc senes of benzacnd- 
mes (Table II), the maximal antibacterial activities are equal to those commonly 
found among well-ionized acridines (e g 5-ammoacndme, No 1 m Table I) 
In the other senes (Table I) the highly ionized members often have much the 
same degree of activity as 5-ammoacndme towards Gram-positive species, but 
are relatively inactive towards the Gram-negative species tested here Actually 
a few acridines which behave m the same way were described in Part II, e g , 
2 5-diaminoaeridme, 5-ammo-l-phenylacndme and 2 8-fosdimethylammoacndine 
Three benzquinolines (Nos 2, 7 and 17) were previously examined by Browning, 
Cohen, Gaunt and Gulbransen (1922) who found them inactive and concluded 
that the benzquinolines were m no way comparable with the acridines as anti- 
bacterials It was unfortunate that their examples were all poorly ionized, 
although at the time neither the magnitude of the ionization constants nor the 
significance of ionization in bactenostasis was known 

A similar mode of action may therefore be postulated for the acridines and 
the seven series described m Tables I and II This similarity does not rest 
solely upon the basis of adequate ionization, because a practically complete lack 
of antibacterial power has been demonstrated in the lower benzologues of acndine 
(quinolines and pyridines, Table III) An apparent exception, 8-hydroxy- 
quinokne, is antibacterial because of a peculiarity m its molecular architecture 
v Inch enables it to chelate with metals (see Albert, Rubbo, Goldacre and 
Balfour, 1947) Some ammo-quinolmes and -pyndmes (excluding all the highly 
ionized members) had previously been exannned by Browning et al (1922), 
w ith results similar to those reported here 

A likely explanation for this low activity is forthcoming from the results 
reported m Part II for 5-ammo-6 7 8 9-tetrahydroacndme It will be recalled 
that this substance was found to be almost lacking m antibacterial properties — 
a fact confirmed m the course of the present work (No 61, Table IV) As 
pointed out m Part II, tins substance, which at first sight differs from the highly 
antibacterial 5-ammo-acridme (No 1) only m the possession of four extra hydrogen 
atoms, o\\ es its poor antibacterial properties to the loss of an important proportion 
of the flat surface of the molecule Those molecules which, like 5-ammoacndme, 
are conjugated (i e every second bond is a double-bond) throughout are fiat, 
virtually tw o-diniensional structures, hence all the atoms constituting the rmg- 
svsteui he m the plane of the paper However, any such molecule, when hydro- 
genated loses its planar configuration Such an effect can be seen m Pig 1, 
where 5-ammoacndme and its tetrahydro-derivative are shown, built to scale 
with Herschfelder atomic models It is seen from Fig 1 that the molecule of 
5-anunoacridme is planar enough to lie fiat on a surface, but its tetrahydro- 
derivative cannot do so because of the distortion brought about by hydrogenation 
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Fro 1 — Loss of flatness on partial hydrogenation Scale models of the iotib of 5 aminoacridin 
(left hand pair) and 5 aminotetrahydroaendme (right hand pair) 


Albert, Rubbo, and Burvill 



The problem of increasing t lie* lint- area of f nnnnocjninoline wns solved by 
providing it w it h n ((raii'y) sfvrvl substituent giving eg l-nmmo-2-stvryi- 
quinoline (No 04) It is a\ ell established m stereochemistry that the st.yryl- 


group takes up a position co-plnnnr with the nucleus to which it is attached 
(cf the work of Robertson (IT}.")) and Robertson and Woodward ( 1 *>37) on tram- 
stilbene, i e styrvl-ben/cne) As nmv be seen from Table VI, the insertion 
of a styryl-group has enlarged the lint area of the quinoline molecule even beyond 
that of the acridine molecule Naturally enough, this increase in area has no 
effect on the antibacterial properties when the operation is performed on n feeblv 
ionized ammoqmnohnc eg when G-ammocjmnolinc is converted to G-amino-2- 
styrylqumohnc (No G’l) On the otlier liand, the effect of adding a styryl group 
to 4-aminoquinolme, winch is well ionized, is to raise its antibacterial power 
from zero up to a figure comparable with the best of the benzquinolmes, namely 
to a B I of 1G Further examples of this effect are seen m No 65—68 (the 
S-phenylbutadieny] -group m No G8 is a higher vmyloguc of the stjoyl group) 
Smularly the addition of styryl-groups to 4-nmmopyridme, giving 4-arnmo- 
2 G-distyrylpyridme (No 69), has increased tlie antibacterial properties from, 
zero to a high, level In assessing the activity of this substance it shou e 
noted tliat the molecular weight is 29S , hence it is 65 per cent heavier than any 
monoammo-benzqumoline or -acridine As all the figures m tins paper are 
reported on a weight- (as distinct from a molar-) basis, these heavier molecu e 
(such as No 69) are even more potent than the figures suggest i 

These considerations of the necessity for a minimal flat an* » do not apply 
exclusively to heterocyclic molecules It is evident from Table IV ' 
antibacterial activity appears in two series (the aryl-guam that of the 

diguamdes) as soon as the flat area of the molecule corresponds to that 
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acndme and. benzqtunolme molecules (as m anthrylguamdine and anthryl- 
diguamde, No 72 and 75) It should be pointed out that although the guanidine 
and diguamde ions are themselves flat, spectrograplne evidence has shown no 
conjugation between these groups and the aryl nuclei Hence free-rotation, 
and not compulsory co-planarity, governs the relations of nucleus and side- 
chain m these cases 

Table VI has been compiled to assist quantitative appraisal of the flat-area 
effect The dimensions of the nuclei have been calculated accurately from the 
tables of bond-distances given by Branch and Calvin (1941) The area of each 
nucleus has been considered approximately as the area of the minim al rectangular 
envelope that would fit around it, as shown m Fig 2 The envelope has been 
located at a distance of 0 8 A exterior to the carbon skeletons (l e the contri- 
bution of the carbon atom to covalent bonds) Hydrogen atoms have not been 
included in these calculations, as they contribute only about one-tenth as much as 
the heavier atoms to a van der Waals’ adsorption 



Fig 2 — Minimal rectangular envelope fitting a plienanthndmo or angular benzquinoline nucleus 

Dimensions m Angstrom units 


Table VI — Flat Areas of Molecules Size of Minimal Rectangular Envelope 

which would contain Various Nuclei 


Substance 

Dimensions in A 

Aren In Sq A 

P\ r i dine 

(3 97 X 4 38) 

17 4 

Qumolmo 

(G 38 X 4 38) 

27 9 

Acridmo also G 7 bonzqumobne 

(8 78 X 4 38) 

38 5 

Phenantliridme, also 5 G- and 7 8 benzquinobnes 


38 3 

2 3 Benzacridme 

(11 16 X 4 38) 

48 9 

1 2- and 3 4-Benzacndmes 


48 7 

Flat burfaco of tetrahydroaendmo 


(as quinoline) 

Flat surfaco of tetralw drobenzaendine 


(as acndme) 

2-Styn, lquinoline 


49 9 

2 6 Dist yiy lpvridino 


01 0 

Pbenj 1 radical 


(as pyridine) 

Naphth\ 1-radical 


(as qumolmo) 

Anthryl radical 


(as acridine) 

It is seen from Table VT that the critical 

size, above 'which 

a flat kation 


becomes antibacterial, lies somewhere between the 28 sq A of quinoline and the 
38 sq A of acndme The necessity for this minimal flat area is obviously to 
provide a sufficiently great area for adsorption on to a biological surface 
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Increasing the number of atoms in a molecule increases its chances of adsorption 
because the small van der Waals’ forces, which unite any atom of the molecule 
to am* atom of the bio-receptor surface, become collectively a really strong force 
when a large number of atoms are concerned on each side Tins force is opposed 
by the kinetic energy of translation of the molecule, which does not increase as 
the si/c of the molecule mcreases Hence there are critical sizes above which 


various molecules are likely to remain absorbed The special requirement of 
the present series, viz that the atoms responsible for this van der Waals’ adsorp- 
tion should all he m one plane, strongly suggests that the atoms in the biological 
surface with which they have to make contact also lie m one plane 

The paramount requirement, that the molecule should be well ionized, proves 
that mere van der Waals’ adsorption is not the biologically injurious act As 
has been show n for the acridines in Part II, the biologically injurious act is a 
union (by salt-linkage) between the katiomc portion of the drug (which for 
practical purposes may be considered as being, principally, the ring-nitrogen) 
and an anion winch it is vitall} r important for the bacterium to have free The 
function of the van der Waals’ adsorption is to make more permanent the very 
transitory attachment effected a salt-linkage m an ionic environment 

That there is no necessity for the katiomc portion of the antibacterial sub- 
stance to coincide w ith the area of van der Waals’ adsorption is demonstrated 
by substances in w Inch these tw o portions are at a distance from one another, 
e g anthrylgunnidme (No 72) anthryldiguamde (No 75) and fI-ammo-5- 
etliylacndme (see Part II) However, activity of a really high order such as 
that shown by 5-ammoacridme and the highly-ionized benzaendmes most likely 
depends not only upon the katiomc portion falling wntlim the area of van der 
Waals’ adsorption, but even upon its occupying a particular part of that area 
Given these two essential requirements for antibacterial activity m hetero- 
cyclic bases, viz adequate katiomc ionization and an adequate area of fiat 
surface, it is interesting to see what other heterocycho families have these 
requirements A surve 3 r has recently been made of the basic strengths of 23 
other heterocyclic senes (Albert el al , 1948), and it has been found that almost 
all of the examples (w r lnch included the most basic ammo-derivatives of each 
senes) w r ere such w eak bases that one of the above requirements could not be 
fulfilled The principal base-w r eakemng feature m a heterocyclic molecule was 
found to be the presence of two hetero -atoms m the one ring The almost complete 
lack of basic properties m nitrogen, wlien situated m a 5-membered ring, further 
reduces the choice of senes No 76-84, m Table V, give a sample of this class 
of material Most of the examples chosen also lack the minimal area of flat 
surface, being as poorly off as quinoline m this respect As there is usually 
little vanation in pK a among benzologues, there is no reason to suppose that the 
addition of another ring to these substances (No 78 possibly excepted) would 


make them active antibacterials , 

Up to this point we have been discussing a high degree of ionization introduce 
by the phenomenon of additional ionic resonance (Part H), but two othei me o 
are sometimes practicable, (a) a nng-nitrogen can be made quaternary, or ( 
a basic side-chain can be built on to the molecule Although the quatermzation 
of a nitrogen atom can be relied upon to provide 100 per cent loniza ion in 
aliphatic series this is not a reliable device in heterooychc senes ®™ e e me7t 
heterocycho bases, when held at pH 7, usually undergo a chemical rearrangemen 
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whereby an equilibrium is established between the original base and a derivative 
m v Inch a hydroxyl-group has become covalently bound to a distant carbon 
atom, giving a “ carbmol ” As a consequence of this reaction an equilibrium 
pK a is estabhshed, in some cases within a few seconds, m others after many 
hours This new pK a may prove too low to be useful, but even when tins objec- 
tion does not apply a fresh difficulty often arises, namely the carbmol autoxidizes 
to the corresponding (non-basic) ketone and hence the material is irretrievably 
wasted Both of these difficulties were discussed m the case of methylacndimum 
salts in Part II Yet, in spite of them, one moderately active substance was 
found which owed its high basic strength entirely to quatemization (3-amino- 
5 10-dimethylacndimum bromide), and a few other cases are known where anti- 
bacterial activity can be attributed to a successful introduction of a high degree 
of ionization by quatemization Some moderately antibacterial quaternary 
styrylqumohnes and quaternary phenazines have been described by Browning, 
Cohen, Ellingworth and Gulbransen, 1926, and Browning et al , 1922, respectively 
The non- quaternary analogues were mactive, which is not surprising, as they are 
now known to be poorly ionized 

The second alternative, insertion of a basic side-chain, can also cause diffi- 
culties, viz (i) An 12-ammomethyl-group is often unstable on a highly conjugated 
ring , however, an H-armnoethyl- or a guamdyl -group is stable , (n) Q-amino- 
alkyl-groups are susceptible to destruction by ammeoxidase , however, it is not 
estabhshed that this enzyme can operate on heterocyclic examples , (in) biologi- 
cally-inactive micelles may be formed by hydrogen-bonding from the ionized 
nitrogen of the side-chain to the non-iomzed negatively-charged ring-nitrogen , 
this effect was encountered (and demonstrated potentiometrically) m 3-acridyl- 
guanidine and S-acridyl-N’-diguamde but it did not occur in 5- fl-aminoethyl- 
acndme (it has also been encountered, in the absence of a basic side-cham, but 
for the same reasons, in 1-ammo-p-phenanthrolme) 

One further general difficulty must be mentioned, although it may not often 
be encountered outside the thionme and oxonme senes These series have 
reduction potentials near to zero, so that they are easily reduced by a number 
of organisms Thionme and methylene blue (No 85 and 86) may be taken as 
examples Although these molecules have the right basic strength and the 
necessarv flat area, their E 0 values at pH 7 are + 0 06 and + 0 01 volts respec- 
tivelv When reduced, their pK^ values are only 5 3 and 5 8 respectively 
(Phillips Clark and Cohen, 1927), so that they then cease to be ionized In 
the course of the bacteriological trials recorded m Table V, partial or complete 
reductions v, ere recorded which explains the low antibactenal values found 
The acridine antibacterials have reduction potentials below — 0 47 volts (Part II), 
and those of the ammo-benzquinohnes, -acridines, -phenanthridines, -quinolines 
and -pvridines as well as various phenanthroknes and substances 76 to 83 
in Table V fall well below tins figure (J B Willis, private communication) 
Hence wastage of these substances through biological reduction is not to be 
expected 

In spite of the various difficulties outlined above, it should not be thought 
that the families listed in Tables I, IT and IV exhaust the possibilities for finding 
new types of lnghly-active kationic antibacterials m the heterocyclic senes 
On the contrary, consideration of the above principles should help m the dis- 
covery of fresh examples 
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Table VII — The Effect of Savin on the Antibacterial Action of Simple Aliphatic 
Amines Highest DilvUons Completely Pi eventing Visible Groivih m 48 hours 
at 37° C (pH 7 2-7 4) 

Medium A Plain broth 

B 10 per cent serum broth 

Bactcrio 

Btntic 







Organisms 



Index 

(sum 


Ter cent 









pKa in 
n ntcr at 
20° C * 


Xo 

Substance 

Med 

linn 

Cl 

i rrl 
chu 

Str 

piio- 

grnrs 

Staph 

aur- 

eus 

It 

eoh 

Pro 

trm 

total 
of codo 
numbers 
of 

lonizcu 
(kation) 
at 20° C , 
pH 7 3 









Inhibitory 

dilutions) 



87 

Undccylnmino 

A 

B 

4 

3 

5 

1 

3 

0 

3 

0 

2 

0 

17 \ 

4 J 

► 10 7 

100 

88 

Dodecylamino 

A 

B 

G 

I 

S 

0 

4 

0 

4 

0 

0 

0 

19 i 
1 J 

l 10 7 

100 

89 

Hoxadccylammo 

A 

3 

4 

3 

0 

0 

10 1 

^ 10 7 

100 


(Cetylamino) 

B 

3 

3 

3 

0 

0 

0 J 

90 

Cotyltnmothyl- 

A 

5 

G 

G 

1 

0 

18 

>14 

100 


nmmomum bromido 

B 

4 

5 

3 

0 

0 

12 


* Hoorr, McCorklo and Ralston (1943) 

(m) Simpilc Ahjihatic Amines 

It is known that the antibacterial action of simple aliphatic amines increases 
as the pH of the medium is increased (Gerslienfeld and Milamck, 1941) Acndmes 
behave in the same way It was shown m Part II that tins is because the 
increasing alkalinity, although leaving the ionization of the aciidme unchanged, 
increases the ionization of the weakly acidic gioups — (from the data of Part II, 
the pK a of these groups is above 9 The}' could be the — OH groups of tyrosine, 
purine or pyrimidine lesidues) — on the bacterial surface and hence facilitates 
the combination It is pertinent to inquire whether the antibacterial action 
of these aliphatic bases, some typical examples of which aie shown m Table VII, 
has anything further m common with the flat heteiooyckc bases which we have 
been considering 

It has been shown that, as the cham length is mci eased, the aliphatic mono- 
amines become highly antibacterial above the C 9 homologue (Puller, 1942) 
Activity tends to fall off with higher members (about Ci 6 ), a fact which is 
apparently due to micelle-formation Stereochemically, it should be noted that 
the aliphatic bases are not flat m any part , on the other hand, they are extremely 
flexible, whereas rmg-systems possess a high degree of rigidity 

No attempt has yet been made to obtam a senes of aliphatic bases of varying 
pK a values and then to seek a connexion between ionization and antibacterial 
activity The effect of increasing alkalinity makes it fairly certain that such a 
connexion would be found However, an important difference between the 
aliphatic bases (Table VTI) and the flat heterocyclic bases listed in Tables I to 
IV is that the former, when highly active antibactenally, are extremely susceptible 
to the presence of serum ( cf m particular Ho 87 and 88, Table Vll), but the 
latter are all unaffected by serum 

It is evident that the flat heterocyclic bases have a special feature which ina tes 
them less ready to combine with serum proteins but no less ready to combine wi 
the vital receptors on the bacteria This feature is, most likely , of a stenc na ure 

A key is attached for interconversion of the British system c < numiermg 
heterocyclic rings, as used m this paper, and the American sys em ( a e 
13 
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Table VIII — Key for Interconversion of the British System of Numbering (as Used m 



this Paper) and the American System 

















British numberine 






British Name 

American Name 


. 









^ — 










1 

2 


4 

5 

6 

7 

S 

9 

10 

V 

2 

3 

4 

Acrid mo 

Acndme 

, 4 

3 

2 

1 

9 

8 

7 

6 

5 

10 





5 6-Benzqumolme 

Benzo[f] quinoline 


4 

3 

2 

1 



6 

5 



10 

9 

8 

7 

C 7 -Benz quinoline 

Benzo[g]quinoLme 

§ 1=0 ' 
ej c 

1 

2 

3 

4 

5 



10 



6 

7 

8 

9 

7 8 Bonzquinolme 

Benzo[h]qumoline 

•as J 

1 

2 

3 

4 

5 

6 





7 

8 

9 

10 

Phenanthridme 

Phenanthridine 

0.0 ' 

4 

3 

2 

1 

10 

9 

8 

7 

6 

5 





1 2-Benzacndine 

Benz[c]aendme 

£ § 
< 3 



5 

6 

7 

8 

9 

10 

11 

12 

1 

2 

3 

4 

2 3-Benzacndine 

Benz[b]acndine 

- 

6 



11 

12 

1 

2 

3 

4 

5 

7 

8 

9 

10 

3 4 Benzacndine 

Benz[a]acndine 


6 

5 



12 

11 10 

9 

8 

7 

4 

3 

2 

1 



SUMMARY 













1 Eighty heterocyclic bases having flat, rigid molecules have been examined 
for antibacterial activity (Tables I to V) 

2 As with the acridines, antibacterial activity has been found to depend on 
a high degree of ionization at the pH of the tests (pH 7 3) It is shown that at 
least 50 per cent ionization at 20° C (i e 33 per cent at 37° C ) is necessary 
before the full antibacterial potentialities of each senes are approached (see 
particularly Tables I and II) 

3 It has been shown that the molecules of heterocyclic bases, even when 
highly ionized, must possess a minimal flat area (above 28 sq A) before powerful 
antibacterial properties appear (see Table IV) The acridines the three series 
of benzqumohnes, the phenantlindines and the three series of benzacricbnes all 
possess this requirement Highly-ionized members of other senes winch fall 
below tins requirement (quinolines, pyndmes, aryl-guanidines and aryl-digua- 
nides) are not normally antibacterial, but acquire activity when a sufficiently 
large co-planar area is built on to the molecule 

4 Other factors winch may influence the antibacterial activity of hetero- 
cyclic bases are discussed and some comparisons with the simple ahphatic bases 
are made 

The authors wish to thank Dr D J Brown and Dr H Duewell, and Mr 
R J Goldacre Mr J N Plnlhps and Mr R P Royer for their share m the 
chemical work which is embodied m various papers listed below and without 
■which this paper could not have been written Our bacteriological colleagues, 
Miss M E Davey, Miss J D Stone and Miss D M Moms, are also thanked for 
their assistance m testing some of the substances This work was partly 
supported bv the National Health and Medical Research Council through a grant 
to one of us — (M I B ) 
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The search for antibiotics against viruses requires new methods for detecting 
the presence of active substances m a reasonably short time, that is, before the 
product tested deteriorates Direct tests with human and animal viruses are 
not yet suitable, being too slow and cumbersome for a routine screening method 
On the other hand, bacterial viruses, 1 e bacteriophages, seem to be quite 
suitable for this purpose, provided that we make a totally unproved assumption 
that at least some of the animal and human viruses will be as sensitive to certain 
antibiotics as bacteriophage There are no ways to prove or disprove such an 
assumption, even by analogy, until active antibiotics are actually found and 
tried Furthermore, we are of the opinion that even if the antiphage substances 
discovered prove to be inactive against any of the other viruses, they will provide 
new interesting agents for the study of host-parasite relations as well as for the 
general study of oell biology At the same time, from the technical point of 
view, bacteriophage is an ideal test virus giving test results m less than 24 hours, 
and it can be as easily handled as ordinary bacteria 

Therefore, our plan m search for antibiotics was to use bacteriophages as 
simulants of pathogenic viruses for screening purposes, for the follow-up o e 
production of such antibiotics, and for the basic studies of the mode of action 
of substances interfering with virus development 

* Aided by a grant from the Banting Research Foundation 
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METHODS 

Mould cultures were usually isolated from plate contaminations and were 
not identified before trials 


Every mould tried was grown on four different media 

1 

Papam meat digest (Papam broth) (Asheshov, 1941), pH 7 0 

2 

Same with addition of 2 per cent sucrose 


3 

A modification of Czapek-Dox medium 



Sodium nitrate 

3 g 


Monopotassium phosphate 

lg 


Potassium chloride 

0 5 g 


Magnesium sulphate 

05g 


Corn syrup 

20 g 


Water 

1000 ml 


Lactic acid, sufficient to 

bring the 


reaction to pH 4 5 


4 

Our own synthetic medium referred to as 

“ No 1 medium ” 


Calcium lactate 

1 g 


Monopotassium phosphate 

'lg 


Ammonium nitrate 

0 5 g 


Magnesium sulphate 

0 25 g 


Com syrup 

20 g 


Water 

1000 ml 


Lactic acid, sufficient to 

bring the 


reaction to pH 4 5 



Media were distributed in 250 ml amounts into Roux bottleB and autoclaved 
at 11S° C for 20 minutes 

Flasks v ere inoculated by what we call “foam method,” which differed 
depending on the nature of the medium inoculated To papam broth a few 
ml of a heavy suspension of mould spores were added The bottles then were 
vigorous^ shaken until a thick layer of foam was .produced The foam, con- 
taining spores, disintegrated very slowly and disappeared only after the spores 
began to germinate This fact ensured an even and dense film of surface growth 
Synthetic media were inoculated differently Since these media do not contain 
protein products a solution of peptone deposited on the surface of such media 
immediately spreads over the whole surface m a thin film Utilizing tins fact, 
we prepared our spore suspension m either chilled broth or m peptone water 
By means of a pipette, foam was produced of winch one or two pipettes full 
(about 3 ml m volume) were placed on the surface of the media, where it imme- 
diately spread over the whole surface Such bottles, left undisturbed, yielded 
agam an even and dense film of surface growth 

Samples of the culture media were collected as soon as the giowth of the 
mould suggested that sufficient metabolites were present Sampling was 
repeated at regular intervals, i e two or three times a week 

The samples were examined by the paper disc method on agar plates and, 
when necessary, by the serial dilution method m a special broth 
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Paper disc method 

Plates foi the papei disc method were prepared m the following way 
Medium Papam broth (Asheshov, 1941) 1000 ml 

Bacto Yeast Extract 2 5 g 

Agai (“ K 5 by Agar Products Co , Los Angeles or 
Difco) 9 g 

pH 7 0 

The medium was stenlized only once and then distributed mto petri dishes, 
30 ml per plate, using a Macalaster Bicknell 850 automatic pipette 

Just before use the plates were flooded with a suspension of bacteria, to 
which bacteriophage w as added m sufficient numbers to produce almost confluent 
clearings Special paper discs were soaked in the liquid to be tested and deposited 
on the surface of the plates Two lands of paper discs were used large discs, 
$ in in diameter, made by Schleichei & Schuell (740-E ), and small ones, 
£ m m diameter, punched from filter-paper, S & S 598, with an ordinary 
office looseleaf punch Small discs weie used in testing new moulds, giving us 
an opportunity to examine 16 samples (four moulds on four different media) 
on one plate The larger discs were used m testing samples already known to 
be active, thus providing a certam degree of quantitative estimation Eive to 
six discs could be used conveniently on one plate After overnight incubation, 
piovided the samples were active, the phage was suppressed and the discs were 
surrounded liy r an area of normal growth of bacteria, while the rest of the plate 
was covered by a layer of bacteria eaten out by the phage clearings (Eig 1, 2 
and 3) 


Serial dilution method 

The following medium was used 

Papain broth 1000 ml 

Dextrose 10 g 

NaCl 8 5 g 

Brom Cresol Purple 0 1 % 10 ml 

pH 7 0 

It was distributed into 16 X 150 mm tubes m 10 ml for the first tube of 
the series and in 5 ml portions for the rest of the senes, and autoclaved 

Usually a two-fold dilution senes of antibiotic was prepared Then approxi- 
mately one million bacteria per ml and a number of phage corpuscles, sufficient 
to produce complete lysis m 18 hours, were added to each tube This number 
was variable with diffeient types and races of phage and with different strains 
of bacteria, and was deter min ed experimentally before the test was run 

The results of the dilution test usually showed zonal effect Since culture 
fluids and even purified fractions could have, beside antiphage action, also anti- 
bacterial effect, tubes containing higher concentrations could be devoi o 
bacterial growth, showing dear purple medium With increased dilution ie 
'antibacterial effect would be eliminated Those tubes would e 11 r * 
yellow — bacteria developing freely as bacteriophage was suppresse 
further dilution, antiphage action, m its turn, would be e rmna I 
lysing the bacteria These last tubes would be again clear an purp 
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Fio 1 



Fig 2 Fig 3 

Fig 1 — Assay on st aphyloplmgc Two of the discs show combined action on staphylococci 
and on staplnlophage One disc shows almost pure antistaphjlococci action Two discs 
show pure antistnphilophage action 

Fig 2 — Assai on streptophagc Clearings of the phage are almost confluent 

Fic 3 — Assay on streptophage Phage destroying all bacteria outside the influence of 
antibiotic m the discs 
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The pH of the samples to be tested by disc or serial dilution methods was 
determined electrometncally If the reaction fell below pH 6 0, it was brought 
up to about pH 7 0 by addition of a drop or two of a phosphate solution 

Potassium monophosphate . 10 g 

Phenol red 0 05 % sol . 100 ml 

It was distributed into small test-tubes in 2 ml portions and autoclaved By 
adding phenol red, it was possible to see when approximate neutrality was 
reached 

At the beginning of the work we used as test viruses only one staphylophage 
and three coliphages, occasionally including phages of the Bacillus group ( B 
cereus, B megatherium, B pumilis and B brevis) Later on, when the investi- 
gation showed considerable variations of sensitivity to antibiotics of different 
races and types of phages, we increased in our screening tests the number of 
different phages to 51 The following phages were used 23 types of staphylo- 
phages , 6 types of streptophages , 7 types of enterococcus phages , 14 
coliphages , 1 type of typhiphage and 1 B cereus phage Some of these 
phages were isolated by us The majority were received from Dr N A Boul- 
gakov, Laboratoire du Bacteriophage, Pans, Prance, to whom we express our 
smcere gratitude as well as our admiration for saving and mainta inin g such 
a valuable collection of bacteriophages through the entire war, German occupation, 
and the difficult post-war period We are indebted to Dr A Schatz for three 
phage cultures, and to Dr M Delbruck for the T senes of the Bast coli phages 
By employing these methods we examined only 30 moulds m all Early 
m the investigation we found a mould which produced very active antiphage 
substances and our search for new antibiotics became sporadic, time being 
consumed by the study of the newly-discovered substances Only four other 
moulds showed some doubtful activity against some of the phages, but these 
have not yet been investigated any further 

The mould which showed considerable activity was an Aspergillus sp It 
produced at least five different antibiotic substances at different stages of its 
development Three of those substances were active only on bacteria, one 
active against some streptophages (to a lesser degree also against coliphages 
T2, T4 and T6), and one was active against several staphylophages 


THE PRODUCTION AND T HE PROPERTIES OF ANTIPHAGE SUBSTANCES 

The antibiotic, active against several races of streptophages, is produced 
early m the development of the mould Its activity can be demonstrated 
generally on the third or fourth day of growth It reaches its peak between 
the 6th and 10th day, when the pH of the medium has dropped to its lowest 
level (approximately pH 3 5) 

The active substance is extracted with chloroform from the culture fluid at 
alkaline reaction (pH approx 10) The extract is concentrated, washed wit 
dilute hydrochloric acid and treated with bentonite, which removes some inactive 
coloured substances The chloroform extract is dried and the residue is disso ve 
m benzene The benzene solution is extracted several times with dilute ammonia, 
and is subsequently treated with nont until it is colourless 

After the evaporation of the solvent, a gummy, pa e ye ow resi u 
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winch, is almost insoluble m water, soluble m acetone, ether and most organic 
solvents except petrol ether 

It inhibits the development of streptophage in dilutions 1 m 10 to 1 m 20 
million by weight This represents a 1000- to 2000-fold purification of the 
starting material The yield m most cases is close to 100 per cent 

By repeatmg the norit treatment of a more concentrated solution, usmg 
larger amounts of material, the activity can be increased to 1 m 40 million 

The substance is stable between pH 2 and 6 A slow decbne m activity 
takes place at neutral and weakly alkaline reaction, while strong alkali (above 
pH 9) destroys it almost immediately 

Attempts to obtain the substance m crystalline form so far have been 
unsuccessful 

The second antibiotic, active against several strains of staphylophage, is 
produced during the third week of incubation It is generally harvested between 
the 18th and 22nd day when the pH of the medium haB returned to neutral 
The culture fluid is acidified to pH 2 and the active substance is precipitated 
with phosphotungstic acid The precipitate is dissolved m dilute ammonia, 
acidified and extracted with carbon tetrachloride The active substance is 
extracted from this solvent with dilute ammonia The aqueous solution is 
again acidified and extracted with benzene The solvent is evaporated, the 
residue dissolved m dilute ammonia, acidified and extracted with ether On 
evaporation of the solvent the active substance crystallizes m colourless, blunt- 
edged needles Thej 1- are washed with cold alcohol and recrystallized from hot 
95 per cent alcohol The crystalline material inhibits the development of 
staphylophages in dilution 1 m 20 million by weight, while approximately a 
hundred times higher concentration is required for a bacteriostatic effect on 
staphylococci It does not show any action on streptophage or Bad coh phage 

The substance is sparmgly soluble m water, easily soluble in dilute alkali, 
and most organic solvents except petrol ether It is fairly stable m aqueous 
solution between pH 4 and 9, but is slowly destroyed by strong acid and alkali 
Heating to 100° C for 15 minutes does not destroy its activity It reduces 
permanganate m the cold and gives a yellow precipitate with FeCI 3 It is 
optically inactive It has no sharp melting-point, but decomposes at approxi- 
mately 1G0° C 

A moie complete chemical characterization will have to await the accumulation 
of more material 

As soon as we were m possession of antibiotics agamst the two types of 
phages, l e an anti-staphylophage agent which was found first and an anti- 
streptophage agent found one year later, we began our investigation to determine 
the nature of the antiphage action It was realized that the suppression of the 
bacterial virus could be the result of action on the virus itself or on the host 
cell (bacterium), or on both It could be possible that the antibiotic, without 
noticeably affecting the development of bacteria, affects their metabolism in 
such a way as to render them unsuitable as hosts for the virus for instance, by 
blockmg some enzyme system required by the virus On the other hand, the 
antibiotic may influence the development process of the virus itself It may 
also affect the liberation of the grown phage from bacteria by interfering wutli 
the lytic action of bacteriophage 

In an effort to elucidate these problems we began a series of experiments 
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presented m tins paper, winch do not yet solve the problem, but throw some 
light on the nature of the action of the antibiotic on the host-parasite system 
The experiments weie carried out with both antibiotics and it is noteworthy 
that both showed a lemarkable sinulanty in their action m spite of their entirely 
different chemical nature 

1 Is the bacteriophage corpuscle attacked by our antibiotics? — To a phage 
suspension, free from bacteria and containing about 1 x 10 8 phage particles, 
50,000 units of antibiotic ivas added and was left to stand overnight at 37° C 
If the highest active dilution of a liquid or of a dry fraction was, say, 1 600, we 
referred to it as containing 500 units An identical suspension without anti- 
biotic was used as a control On the following day the phage particles present 
were recounted, any antibiotic action being e limin ated by the dilution used 
On no occasion was any decrease in the number of phage corpuscles noticed 
We concluded that our antibiotics do not attack phage corpuscles, at least when 
they are m a restmg or “ dormant state 

2 Does the antibiotic render the bacterial cell permanently unsuitable for 
phage development? — To determine this, bacteria were grown in the highest 
concentration of antiphage substance visibly not interfering with the normal 
development of bacteria After 24 hours the bacteria were washed, resuspended 
m broth and inoculated with phage The development of phage proceeded 
normally on the bacteria Tins experiment indicates that the antibiotic does 
not induce hereditary damage to the bacterial cell 

3 Do our antibiotics interfere with adsorption of virus particles on bacteria? 
— Tiro identical suspensions of sensitive bacteria were prepared Antibiotic 
was added to one of the suspensions in an amount not sufficient to influence the 
vitality of the bacteria, but exerting definite antiphage action — usually about 
10 units Both were then inoculated with phage After several minutes, 
depending on the known adsorption time of the particular phage, both suspensions 
were centrifuged, the supernatants separated, and the sedimented baotena 
resuspended m the same amount of broth Supernatants and resuspended 
bacteria were plated for countmg Several different strains of staphylophage 
and streptophage, with their corresponding strains of bacteria, were treated 
m this way On no occasion did we notice any interference with adsorption 


Examples 

Exp 1 Staphylococci plus staphylophage plus 10 units of antibiotic After 
10 minutes 86 per cent of phage corpuscles were adsorbed on the bacteria m the 
presence of the antibiotic and 78 per cent in the control tube 

Exp 2 Another strain of staphylophage with a different strain of staphylo- 
cocci gave 73 per cent adsorption m the presence of the antibiotic and 80 per 
cent m the control tube 

Exp 3 Enterococci phage 10 units of antibiotic After 10 minutes 
100 per cent adsorption took place m the presence of the antibiotic and 95 pei 

cent m the control tube , , 

Exp 4 Cohphage T2, 2 units of antibiotic (the higher concentration Had 
antibacterial action) After 10 minutes 100 per cent adsorption took place m 
the presence of the antibiotic and 97 per cent in the control tu . e 

It may be concluded from these experiments that our an 1 io ms, , + 

trations several times stronger than those necessary to suppress 
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of phage, do not interfere with adsorption of the virus particles on bacteria, and 
therefore, in all probability, do not appreciably alter the surface of the bacterial 
cell 



Fio 4 — “ Sensitive ” staphylophage eo18 de\ eloping on two different strains of staphylo- 
cocci (e4 and e18) in presence and in absence of antiphage substance (acp) 


Tube 1 

<?18/e4 

□ 

Tube 2 

<?18/e4 + (X9 

£3 

Tube 3 

918/eIS 

O 

Tube 4 

918/eIS + a9 

© 


4 Is the sensitivity of different races of phage influenced by the use of 
different strains of host cells? — -We found an exceedingly variable sensitivity 
to our antibiotics among the 20 or more different staphylophages investigated 
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Some pliages were as sensitive as our test phage, some were almost completely 
resistant As every staphylophage was propagated on its corresponding staphylo- 
coccus stram, we were able to decide, by following the development of a sensitive 
phage m the presence of antibiotic on the stram of staphylococci on which 
another phage proved to be resistant, whether the different sensitivity depended 
on the virus itself or on the host cell By reversing the experiment we followed 



Pig 5 “ Resistant ” staphylophage e<pi3 developing on the same two strains of staphylo 

cocci (e4 and el 8) m Fig 4 m presence and in absence of antiphage substance (a?) 

Tube 1 <P13 /e4 □ 

Tube 2 <Pl-3/e4 + cop ED 

Tube 3 <pl3/el8 O 

Tube 4 <pl3/el8 + x<P © 

the development in the presence of the antibiotic of a resistant phage on a 
bacterial stram on which another phage was suppressed Several combinations 
were tried Fig 4 and 6 illustrate a typical experiment In Fig 4 a sensitive 
staphylophage E9I8 shows normal development on two strains of s tapin' ococci, 
218 and 24, but there is no development on either of the strains of staphylococci 
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in the presence of 2 5 nmts of the antibiotic When another staphylophage, 
£<?13, was tried on the same two cultures (Fig 5), its development was only 
slightly retarded by 2 5 units of the antibiotic m both cases In other words, 
the resistance or sensitivity of a phage is maintained regardless of the strain of 
bactena used to propagate it 

These experiments suggest, but do not prove definitely, that the action of 
the antibiotic is directed towards virus corpuscles and not towards the bacterial 
cell The two phages, <?218 (“ sensitive ”) and 2? 13 (" resistant ”) may 
require a different activity of the bacterial cell for their development, and our 
antibiotic may be suppressing only the one required by 2tpl8, not affecting the 
cell process required by the “ resistant ” 2q>13 

5 Is the activity of the antibiotic against phage influenced by the number 
of bacteria used 2 — Several identical serial dilution sets of antibiotic were prepared, 
equal number of phage corpuscles were added to all sets, but a different amount 
of bacteria was used m each set The end-pomt of the antiphage activity was 
the same in all sets 

6 Is the activity of the antibiotic influenced by the number of bacteriophage 
corpuscles used 2 — The previous experiment was repeated but an equal number 
of bacteria were used throughout the sets, the number of phage corpuscles being 
varied in each set It was found that an increase in the number of corpuscles 
from 3 x 10 4 to 3 y 10 5 brought about a 50 per cent decrease m the activity 
of antibiotic, while a hundred-fold mciease m the number of phage particles 
from 3 x 10 4 to 3 x 10° caused a 90 per cent decrease m the antibiotic activity 

7 Experiments were carried out to determine the influence of the addition 
of antiphage substance at different periods of phage development, but, before 
the first burst took place A phage with a pre-bursting time of approximately 
55 minutes was used Five tubes with bacterial emulsion m broth were inoculated 
■with bacteriophage To one the antibiotic was added immediately after inocu- 
ation, the second received it after 15 minutes, the third after 30 minutes and 
the fourth aftei 45 minutes, i e 10 minutes before the bursts were expected to 
start The fifth, or control tube, received no antibiotic Only a few of the 
experiments carried out seemed to indicate that antiphage substance added at 
the time of infection, and 15 minutes after infection, prevented the bursts from 
taking place Antibiotic added 30 minutes after infection probabty allowed 
a few bursts to take place , there was a slight increase of the phage after one 
hour but no further development occurred Antibiotic added 45 minutes after 
infection did not prevent the first burst, but after that there was no further 
development This experiment is of particular interest as it shows that, m all 
probability oui antibiotic interferes with the actual development of the phage 
either directlv or induectly and not with its liberation from bacteria 

S Experiments also vere conducted with the mew to learn what would 
happen if a bacteria-virus complex submitted to the influence of antibiotic is - 
later freed from the antiphage agent All these experiments, performed -with 
the crude metabolites (culture liquid) and not the purified substance, vere not 
alwavs consistent probably due to the influence of other antibiotics present 
However the general tendency observed was that the phage, after having been 
freed from antibiotic resumed its development, but only after a lag period 
This lag period was never shorter than the pre-bursting time specified for each 
phage but often longer In some instances phage did not recover but, as 
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mentioned, tins may liave been due to the presence of impurities These experi- 
ments again seem to support the point of view that the antiphage substance 
interferes with the actual process of giowth, 1 e multiplication or formation of 
phage corpuscles inside bacteria 

Since the majority of the expenments described in tins paper were earned 
out with either crude culture media or with only partly purified concentrates, 
they all are only of a preliminary nature and are to be repeated using purer 
substances when they will be available At the same time it must be pointed 
out that the complexity of the phenomenon of the antiphage action is consider- 
ably greater than it seems at first glance We have to deal with, observe, and 
study the living progress of two interdependent and continuously variable 
subjects — living bacteria and their living parasite, bacteriophage We have 
learned only the elementary facts m regard to their relationships, m spite of some 
30 years of study Every step in our investigation requires additional study of 
the basic phenomena of the activity of bacterial viruses and, therefore, our 
progress is of necessity very slow At the same time, our impression is that all 
these experiments are contributing to the better understanding of the biology 
of the host-parasite relationship m general 

SUMMARY 

Two different antibiotic substances active against some bacterial viruses 
were found to be produced by an Aspergillus sp The procedure of their isolation 
and some observations on their action on bacteriophages are described 
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It has already been reported (Fisher, 1948) that saline suspensions of the 
acetone-soluble lipids of human erythrocyte stroma inhibit, in high dilutions, the 
action of pertussis haemagglutinin, and that the same suspensions act as hpid 
haemagglutimns , le they -agglutinate the erythrocytes of certain fowls (Burnet 
and Stone, 1946) This paper deals with further work aimed at identification 
of the active principles, which will be referred to as “ inhibitor 15 and “agglu- 
tinin ” 

material and methods 
Acetone soluble erythrocyte lipids 

Mixed, unwashed, lyoplnlized human erythrocytes were extracted v ith boiling 
acetone, using either a contmuous process, or three successive lots of solvent 
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The acetone soluble lipids were recovered by evaporation of the solvent on the 
water bath 

Pertussis haemagglutimn 

Virulent pertussis organisms were extracted with m/1 NaCl (Keogh, 1948, un- 
published), the organisms removed by centrifuging, and the clear supemates 
adjusted to contain 8 minimal haemagglutmatmg doses per drop In some 
experiments the supernates of centrifuged fluid cultures were used as the source 
of haemagglutmm 

Inhibitor and agglutinin 

Lipoid suspensions were prepared, and inhibitor and agglutmm titrations 
set up, as described in the previous paper (Fisher, 1948) Agglutmm titres are 
expressed as the reciprocal of the dilution, and inhibitor titres as the reciprocal 
of the dilution multiplied by the number of minimal doses of haemagglutmm 
used 


RESULTS 

The acetone extracts of erythrocytes yielded on evaporation a brown oily 
fluid from which a large amount of white solids separated on standing Nitrogen 
could not be detected by the sodium fusion test The phosphorus content was 

0 5 per cent, corresponding to 12 5 per cent of phospholipid (Phospholipids are 
somewhat soluble m hot acetone , Bloor, 1943 ) The acetone-soluble material 
could be separated by extraction with aqueous methanol mto fractions which 
were active and inactive m respect of inhibition and agglutination The portion 
soluble m 85 per cent and that insoluble m 95 per cent methanol were both 
inactive, whereas the material msoluble m 85 per cent but soluble m 95 per 
cent methanol was highly active The two mactive fractions, when re-combmed, 
exhibited the high activity of the ongmal acetone extract 

In one experiment 400 mg of acetone soluble material was extracted with 
two 15 ml lots of 85 pei cent aqueous methanol The msoluble material was 
removed bj r centrifugation, and on evaporation of the solvent on the water bath, 
170 mg of amorphous greenish-brown material was recovered (Fraction 1) The 
msoluble residue was extracted with two 15 ml lots of 95 per cent aqueous 
methanol, and by evaporation of the solvent, after removal of msoluble material 
by centrifugation, 54 mg of yellowish mixed amorphous and crystalline material 
nas obtamed (Fraction 2) The residue of almost white, mostty crystalline 
material neighed 175 mg (Fraction 3) 

The results of quantitative Liebermann-Burchard tests on each fraction 
expressed as g cholesterol/100 g were Fraction 1, 12 per cent , Fraction 2, 
53 per cent , and Fraction 3, 7S per cent 

Approximate estimations of unsapomfiable material were done on Fractions 

1 and 3 by the following method Samples (20-30 mg ) were boiled m 15 ml 
of aqueous 1 per cent KOH for 5 minutes m a nitrogen atmosphere The samples 
were cooled and extracted several tunes with diethyl ether and petroleum ether 
The extracts were combined, the solvents evaporated, and the residue weighed 
Fraction 1 contained 10 per cent and Fraction 3 90 per cent of unsapomfiable 
material 

Saline suspensions of each fraction and of combinations of them u ere prepared 
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from tlieir solutions in diethyl ether and tested for inhibitory and agglutinating 
activity The results aie shown in Table I 

Table I — Aqueous Methanol Fractionation of Acetone- Soluble Lipids of 


Fraction 

Erythrocytes 

Solubility in aqueous methanol 

Inhibitor titre 

Agglutinin titre 

1 

Soluble m 85 % 

<10 4 

<10 4 

2 

Soluble m 95 % , insoluble m 85 % 

1 6 X 10 6 

1 6 X 10 6 

3 

Insoluble in 85 % and 95 % 

10 s 

<10 4 

Mixture 

of equal parts of Fractions 1 and 3 

3 2 X 10 6 

1 3 X 10° 


The bulk of the saponifiable material, most of the pigment and all the phos- 
phorus were contained in Fraction 1, soluble m 85 per cent methanol This 
fraction suspended well m saline, but was inactive as agglutinin or inhibitor 

Fraction 3, insoluble m 95 per cent methanol, consisted mainly of unsapom- 
fiable material, chiefly steroid It gave poor saline suspensions, which were only 
weakly active 

A mixture of these inactive fractions 1 and 3 gave good sahne suspensions 
of high activity 

Fraction 2, which physically and chemically was intermediate m composition 
between Fractions 1 and 3, gave well-dispersed salme suspensions of high activity 

These results indicated that the inhibitory and agglutinating activities of the 
acetone-soluble portion of erythrocyte stroma were properties of a sterol, only 
skghtty soluble in aqueous methanol, which required to be associated with saponi- 
fiable lipoids, relatively soluble m aqueous methanol, for exhibition of its full 
activity 

In view of these findings, combinations of cholesterol with lecithin, and with 
oleic acid, were examined Sahne suspensions were prepared from diethyl ether 
solutions and tested for inhibitory and agglutinating activity The results are 
shown m Table II 


Table II — Agglutinin and Inhibitor Titres of Suspensions of Cholesterol 
Containing Lecithin or Oleic Acid m Varying Proportions 

- (a) The lecithin-cholesterol senes 


Reciprocal of (concentration x 10 4 ) 

A 


Cholesterol 

16 

8 

4 

2 

1 

1 

1 

1 

1 

1 


Lecithin 

1 

1 

1 

1 

1 

1 

2 

4 

8 

16 


Quality of 
dispersion 

Agglut: 

min 

titre 

Inhibitor titre 

Good 

3 ) 

<1 6 

X 

10 5 

1 0 

X 

10® 

3 3 

<0 8 

X 

5 3 

2 0 

X 

3 3 

5 j 

<0 4 

X 

y j 

6 4 

X 

3 3 


12 8 

X 

j ) 

12 8 

X 

33 


12 8 

X 

3 3 

12 8 

X 

3 3 


6 4 

X 

3 3 

6 4 

X 

33 


3 2 

X 

3 3 

3 0 

X 

33 

Fair 

24 

X 

3 3 

1 0 

X 

33 


1 0 

X 

33 

05 

X 

3 3 

Poor 

0 05 

X 

3 3 

0 25 

X 

33 
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Table II — continued 
(b) The oleic acid-cholesterol senes 


ocal of (concentration, x 10 4 ) 

lesterol Oleic acid J 

Quality of 
dispersion 

Agglutinin titre 

Inhibitor 

titre 

— 

1 

Good 

(1 

X 10 6 )* 

(0 1 

X 

10 6 ) 

128 

1 

3 3 

160 

X 

3 3 

6 0 

X 

3 3 

64 

1 

5 3 

70 

X 

3 

60 

X 

33 

32 

1 

3 3 

60 

X 

3 3 

6 0 

X 

3 3 

16 

1 

33 

20 

X 

3 3 

60 

X 

3 3 

8 

1 

3 3 

20 

X 

3 3 

12 0 

X 

33 

4 

1 

3 3 

20 

X 

3 3 

7 7 

X 

3 3 

2 

1 

33 

10 

X 

3 3 

48 

X 

33 

1 

1 

3 3 

5 

X 

3 3 

3 6 

X 

33 

1 

2 

3 3 

6 

X 

3 3 

3 0 

X 

3 3 

1 

4 

Pair 

20 

X 

3 3 

1 8 

X 

3 3 

1 

8 

33 

6 

X 

3 3 

0 9 

X 

33 

1 

— 

Poor 

0 08 

X 

33 

0 05 

X 

3 3 


* Refers to titre in terms of oleic acid concentration 
trations, except m the cases noted 


Titres are based on cholesterol concen- 


In the lecithin-cholesterol series the agglutinin and inhibitory activities showed 
a maximum in the same region, where the components were in equal concentra- 
tion, or where lecithin was m slight excess In the oleic acid-cholesterol senes 
conditions were more complex, since oleic acid itself has haemolytic and haemag- 
glutinating properties In both senes the inhibitory activity was slight m the 
region of excess cholesterol 

Palmitic acid and cephahn tested under the same conditions as oleic acid and 
lecithin failed to enhance the slight inhibitory action of saline suspensions of 
cliolesteiol 

Several sterols and steroid derivatives were tested to determine which part 
of the sterol molecule is active m inhibition The substances were dispersed m 
saline from their solutions m diethyl ether or ethanol, in combination with oleic 
acid or lecitliin Cholic and desoxychohc acids were dissolved m saline with the 
aid of a little alkali The results are shown m Table III 

Table III — Inhibitory Power of Some Steroids against Pertussis Haemaggluhmn 


Compound 


Inhibitory titre 

Cholesterol 


10 7 

Ergosterol 


3 X 10° 

Calciferol 


3 X 10° 

Corn germ sterol 


6 X 10 6 

Anclrosterone 


<10 6 

Cholesterol palmitate 


<10 6 

Cholesterol oleate 


<10 5 

Cholic acid 


Vio 6 

Desoxychohc acid 


10 6 

7 -ke to -cholesterol acetate 


10 5 
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The substances which were active mhibitois, cholesterol, ergosterol, calciferol 
and com germ sterol (presumably mainly stigmasterol), differ fiom the mactive 
substances m having three structural properties in common — (1) free hydroxy- 
group at C3, (2) double bond between C5 and C6, (3) presence of a side-cham 

The same substances, except cholesterol oleate, were tested for their ability 
to inhibit the haemolytic action of digitomn, by a technique similar to that of 
Ponder (1945) Those substances which inhibited pertussis haemagglutmm also 
inhibited haemolysis by digitonm, and those mactive against digitomn failed to 
prevent haemolysis 

DISCUSSION 

The above results indicate that cholesterol is the inhibitor of pertussis haemag- 
glutmm present m acetone extracts of erythrocytes The total amount of in- 
hibitor which can be extracted fiom erythrocytes corresponds approximately to 
their cholesterol content, and cholesterol m association with lecithin or oleic acid 
inhibits to the same degree as the acetone soluble lipids The evidence that the 
inhibitor present in acetone extracts of erythrocytes is also the receptor on the 
cell surface was discussed m the previous papei (Fisher, 1948) The work of 
Stone (1946) shows that the lipid haemagglutmm is of similar nature, and our 
results are in conformity with her findings 

Previous failure to recognize cholesterol as the inhibitor (Fisher, 1948) was 
due to two circumstances First the accessory but essential role of associated 
lipids in the preparation of cholesterol suspensions of maximum inhibitory titres 
had not been elucidated Secondly, it was not appreciated that digitonm may 
fail to precipitate cholesterol quantitatively from solutions of the acetone soluble 
lipids of erythrocytes Using the method of Kelsey (1939), it has since been 
observed that the percentage removal of mhihibitor from such material may vary 
from nil to 90 per cent 

Ponder (1945) has shown that the active patch for digitonm fixation m the 
steroid molecule is the C3-C5-C6 region The, evidence presented suggests that 
the same region is concerned m fixation of pertussis haemagglutmm, but the 
possibility has not been excluded that the nature of the side-cham may have a 
modifying action 

SUMMARY 

1 The inhibition of the haemagglutmm of H pertussis by the acetone-soluble 
lipids of human erythrocytes appears to be due to the cholesterol contained m 
the lipids 

2 Cholesterol m saline suspension does not exhibit its full potential inhibitory 
action against pertussis haemagglutmm m the absence of the saponifiable portion 
of the acetone-soluble lipoids, for which lecithin or oleic acid may be substituted 

I am indebted to Dr P Fantl for the gift of several samples of sterols and 
sterol derivatives 
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Some progress has been made in the study of enzymatic adaptation m micro- 
organisms by following the increase m specific enzyme activity which may occur 
on incubation or growth of cells in the presence of substrate The reverse 
process of “ deadaptation, ” however, has not yet been properly investigated 
Although it is known that m many cases a single subculture of previously- 
adapted cells m a medium not containing the substrate is sufficient to cause 
loss of adaptation, little systematic work has been reported upon the nature 
or progress of this reversion 

The autocatalytic nature of the curve of most enzymatic adaptations m 
washed suspensions of cells has led Spiegelman (1946) to suggest that an adaptive 
enzyme or its piecursor might act under some circumstances as a self-reproducing 
entity On the other hand, Spiegelman and Dunn (1947) have brought forward 
evidence supporting the concept of enzyme “ interaction ” — viz formation of 
a new adaptive enzyme at the expense of previously-formed enzyme when the 
substrate responsible for the first adaptation is replaced by a second substrate 

The behaviour of an adaptive enzyme m adapted cells growing and multi- 
plying in a medium without the substrate known to be necessary for maximal 
enzyme production must presumably correspond to one of the following three 
hypotheses 

(1) The enzyme activity per cell may remain constant, or fall off slowly, 
such that there is an increase m the total amount of enzyme m the culture 

(2) The preformed enzyme may be destroyed oi inactivated so that the 
total enzyme m the culture diminishes 

(3) The total enzyme may remain constant so that, smee the cells are growing, 
the enzyme activity per cell will gradually decrease, and the deadaptation process 
will eventually be achieved bj r a simple “ dilution out ” of the adapted enzyme 

If (1) vere true, it would suggest that the enzyme or enzyme precursor, 
induced by substrate might be endowed with some mdependent self-reproducmg 
properties and would m an}' case be evidence m support of the direct 
effect of environment upon heredity Hypothesis (2) is what might be expected 
in cases where adaptive enzyme interaction (Spiegelman and Dunn, 1947) 
occurred Hypothesis (3) is vhat would occur if preformed enzyme remained 
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unmodified — bemg neither inactivated nor “ growing ” with the cells— during 
increase of the rest of the bacterial protoplasm 

The adaptation of the mtratase enzyme system has been studied in the 
presence of nitrate m non-proliferatmg washed suspensions (Pollock, 1946) 
and during growth (Pollock and Wamwright, 1948) using the Intermediate 
cohform bacterium “ 1433 ” The same cells can be adapted simultaneously 
and independently to tetrathionate reduction (tetrathionase) , and tetrathionate 
acts equally v ell as mtrate as H-acceptor for anaerobic growth with lactate or 
glucose It was, therefore, decided to study the problem of deadaptation by 
following the mtratase of mtrate-adapted cells moculated mto a medium 
containing tetrathionate that is, during growth in, and further adaptation to, 
a new substrate The problem was slightly complicated by the fact that there 
is always a certain small amount of mtratase activity developed, even though 
the cells are grown without substrate This, m practice, means that the total 
mtratase of a growing culture is always increasing, even in the absence of mtrate 
However, allowance can be made for this “ basal ” mtratase, and the results 
here reported show that the behaviour of adaptively formed mtratase corresponds 
closely with that which would be expected were the loss of adaptation to proceed 
by a process of “ dilution out ” of the preformed enzyme (Hypothesis 3) 


METHODS 

Organism — “ 1433 ” — a lactose-fermenting “ Intermediate, Type I ” strain 
of Bad colt (Pollock, 1946) 

Suspensions — Prepared as previously described (Pollock and Wamwright, 
1948) from the 16-hour growth at 35° on tryptic meat agar 

Adapted suspensions were prepared by incubation for 3-3£ hours at 35° 
m m/100 glucose, m/50 sodium mtrate (or tetrathionate), m/5 phosphate buffer, 
pH 7 2 and m/600 MgS0 4 , at a cell strength of 1 mg /nil The cells were then 
twice washed with distilled water Control unadapted suspensions had similar 
treatment, but without mtrate or tetrathionate 

Nitratase activity was followed at 35° in evacuated Thunberg tubes with 
m/100 sodium mtrate and m/50 formate, as H-donor, m the presence of m/800 
PeS0 4 Samples were removed at 30 mm and 60 mm and the mtnte was 
estimated by means of the Gness Ilosvay Reagent (Pollock, 1946) Results 
are expressed as gmol mtnte formed/mg dry weight of cells /hour Cell 
strength was determined by opacity measurements on the washed cell samples 
Tetrathionase activity was estimated by iodine titration of thiosulphate formed 
during mcubation of cells anaerobically, at a concentration of 1 mg /ml in 
Thunberg tubes, at 35° with m/100 sodium tetrathionate and m/50 formate, as 
H-donor (Pollock and Knox, 1943) Results are expressed as umol thiosulphate 
formed/mg dry weight of cells/hour “ Total ” mtratase or tstrathion-ase 
activities simply refer to the total amount (in jxmol ) of mtnte or tluosulphate 
formed by the whole bactenal culture per hour 

Growth medium for deadaptation experiments was as follows 
M/5 phosphate buffer, pH 7 2, m/50 glucose, m/50 H-acceptor (sodium tetra- 
thionate or sodium fumarate), m/100 NH 4 C1 and m/600 MgS0 4 ro _ ^ a ^ 
followed anaerobically at 35° in 6 X f m tubes, filled with argon (as described 
by Pollock and Wamwnght, 1948) Up to 8 similarly prepared and moculated 
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tubes were used for each curve, one tube being used for each sample Initial 
concentration of cells was 50 yg /ml 

Samples for mtratase determinations — 1 ml of m/200 oxine (8-h} r droxy- 
qmnohne) w as added to a whole tube of 10 ml to stop growth and further adapta- 
tion The cells were centrifuged, washed once with water, made up to about 
1 0 ml and the concentration estimated turbidimetrically 

G-routh was followed m the tubes by direct estimation of opacity on the 
“ Spekker ” absorptiometer by means of a specially-constructed tube adaptor 
(Pollock and Wamwright, 1948) A standard curve of the relation between dry 
weight and opacity was prepared, and all results are given m terms of dry bacterial 
weight 

RESULTS 

Absence of enzyme “ interaction ” in washed suspensions 

As mentioned above, previous experiments (Pollock, 1946) had suggested 
that it was possible to further adapt nitrate-adapted cells of “ 1433 ” to tetra- 
tlnonate without significant loss of the original mtratase, and vice versa In 
this respect, behaviour is quite different from washed suspensions of Saccharo- 
myces cerevisiae adapted to galactose which lose galactozymase activity on bemg 
adapted, under similar conditions, to maltose (Spiegehnan and Dunn, 1947) 
Table I gives the results of a more extensive confirmatory experiment, and shows 

Table I — Independence of Adaptations to Nitrate and Tetrathionate by Washed 

Suspensions of “ 1433 ” 

Cells further treated anaerobically for 3 hr 
at 35° at a cone of 1 mg /ml with 


Cells pro\ lously 
adapted to 

w/o phospliato 
buffer (pH 7 2) m/ 10 sod 
m/000 MgSCq nitrate 

m/ 10 glucose 

f + + 

m/ 10 sod 
tetrathionate 

Nitratase 

activity 

3 9 

Tetrathionase 

activity 

8 4 

Tetrathionate 


+ 

— 

0 2 

7 4 


1 

^ No further treatment 

0 2 

8 6 


1 

r + 

+ 

3 8 

6 5 

Nitrate 

■ 

+ 

— 

3 8 

0 3 


1 

' No further treatment 

4 1 

0 2 


that there is no evidence of “ interaction ” between tetrathionase and mtratase 
m washed suspensions The final enzyme activities attamed with respect to 
both mtratase and tetrathionase differ little whichever substrate was added 
first The further tieatment of mtrate-adapted cells to tetrathionate does not 
sigmficantlv diminish the original mtratase activity, and vice versa Moreover, 
pieviously adapted cells appear to adapt as well to their second substrate as do 
unadapted cells to their first Both enzyme adaptations appear to proceed 
independently 

The next ctage was thus clearly to determine if such mdependence persisted 
during growth and cell multiplication Here, however, it was only possible to 
follow the mtratase activities because the lodometric determination of thiosulphate 
is not sensitive enough to enable the tetrathionase activities of low concentrations 
of cells to be estimated accurately 
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Experiments with growing cells 

Most of the experiments were done with tetratlnonate as H-acceptor for 
reasons given above , but, m older to determine whether cells behave si mil arly 
m othei media, in one experiment the tetiathionate was replaced by m/50 
fumarate 

Tv o difficulties were encountered from the begninmg 

(1) The pioblem of measuring mtiatase activities of samples of cells at a 
particulai point during giowtli 

(2) A “ dilution effect ” Both dilution of cell suspensions below a concen- 
tration of 0 2 mg /ml and the centrifugation of cells from large volumes of fluid 
during a\ ashmg caused considerable loss of mtratase activity This mactivation 
was variable in extent and not nearly so marked in unadapted cells A similar 
sort of “dilution phenomenon ” has been reported m the case of other enzyme 
systems and vas found for the mtratase adaptation process (Pollock and 
Wamwright, 1948), although m the latter case it first became apparent at a 
higher concentration of cells than for the mtratase enzyme system itself 

The fiist problem was fairly easily oveicome by the addition of m/2200 oxme 
to the gi owing culture Fig 1 illustrates an experiment in which two lots of 
cells were giown m 10 ml of tetratlnonate medium m Thunberg tubes containing 
1 ml of water and 1 ml of m/200 oxme, respectively, m the stoppers After 
4 hours’ growth the contents of the stopper were tipped into the mam tube 
Growth continued m the culture to which water had been added (Curve B), 
while it was almost completely and immediately arrested by the oxme (Curve A) 
for at least an hour Nitratase adaptation was also completely inhibited by 
tlus concentration of oxme, but the enzyme itself was quite unaffected After 
addition of the oxme, the cells were washed once with water before being tested 
for mtratase activity It was confirmed that the nitratase activity of cells 
treated m this way with oxme did not differ significantly from that of cells 
similarly treated but without oxme , and it seems reasonable to assume that the 
mtratase activity of samples from a growing culture measured m this way must 
correspond very closely with the true enzyme activity of the cells m the growth 
medium at the time of adding oxme 

The second difficulty was largely, though not completely, overcome by the 
addition of m/800 freshly prepared FeS0 4 to the suspension mixture during 
measurement of nitratase activity Table II shows that the loss of activity 
on dilution and/or washing was very considerably reduced by Fe ++ , but that 
some stimulation of mtratase m unwashed, undiluted cells (Expt 1 and 2) 


Table II — Inactivation of the Nitratase of Nitrate- Adapted Cells caused by Washing 
at Low Concentration, and its Reversal by Fe + + 


Unwashed Cells 


Cells twice washed at a strength of 50 |ig /ml 



* 

Nitratase activities 


Nitratase 

Expt 

Final oonc 

Without 

With 

Final cone 

Without 

No 

cells pg /ml 

Fe+ + 

Fe + + 

cells pg /ml 

Fe+ + 

1 

200 

3 8 

4 4 

50 

1 9 

2 

200 

4 4 

4 8 

2S 

1 1 

3 

48 

1 6 

3 7 

36 

0 3 


With 
Fo + + 

3 I 
5 3 
0 2 
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occurred with Fe ++ , and the extent of reactivation was variable, being complete 
m Expt 2, but only 60 per cent m Expt 3 Repeated attempts to obtain more 
consistent figures were not successful, and it must be admitted that results given 
for mtratase activity shortly after inoculation, where cell concentrations used 
m the enzyme assay were low (usually about 100 [Lg /ml ), may be subject to 
some error Nevertheless, it is not felt that such possible inaccuracies seriously 
affect the general picture given by curves relating growth and enzyme activity, 
and these experiments have been repeated many times with very similar results 



Fig 1 — Effect of ji/ 2200 oxme on growth of “ 1433 ” in tetrathionate medium Additions 
w ere made to the culture at tho point indicated by the arrow (see text) a, Oune added 
B, Water added 


A slight precipitate formed on addition of the Fe ++ , but the estimation 
of nitrite was not mterfered with m any way It appears likely that this 
“ dilution ” phenomenon is due to a more or less completely reversible 
oxidation of some component m the system , similar but less satisfactory 
results could be obtained with other reducing agents such as cysteine, and 
glutathione 

Results have been summarized in Fig 2 and 3, showing the relation between 
mtratase activity per mg dry weight of cells, total mtratase of the culture and 
growth, expressed as dry weight, of adapted and unadapted cells growing in the 
different media For comparison, results obtained m a mtrate-contammg medium 
are shown in Fig 4 The period covered by these studies allows for a maximum 
of only a 10-fold increase in cell mass — probably about three cell generations , 
but even this relatively small amount of growth is sufficient for the mtratase 
activity of previously adapted cells t-o have approached that of the unadapted 
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cells There is no significant difference between growth rates of adapted and 
nnadapted cells in media ■without nitrate , although, of course, in the nitrate 
medium, nitrate-adapted cells start growing appreciably sooner, as shown pre- 
viously (Pollock and Wamwngkt, 1948) 



Fio 2 — V anation of nitratase activity of nitrate adapted and unadapted cells during growth 
in tetrathionate medium a. Adapted cells B, Unadapted cells 

(а) Growth curves 

(б) Nitratase activity of cells 

(c) Total mtratase activity of culture 



(b) Nitratase activity of cells 

(c) Total mtratase activity of culture 
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It will be noted that there is quite a considerable, though variable, amount 
of “ basal ” mtratase formed by unadapted cells growing without nitrate, but 
that the excess total mtratase of the adapted cells over that of the unadapted 
cells remains very roughly the same at all stages of growth, and corresponds to 



Hours Hours Hours 


Fir 4 — Variation of mtratase activity of nitrate adapted and unadapted cells during growth 
in nitrate medium a, Adapted cells B, Unadapted cells 

(а) Growth cur\ es 

(б) Nitratose activity of cells 

(c) Total mtrataso activity of culture 



Hours 


Hours 


Fir o — Variation of mtratase activity of nitrate adapted cells during growth in tetra- 
tluonnte medium as measured with different H donors 

(o) Total mtratase activities of the culture measured with formate (a) and lactate (b) 


c, growth cun e 

(h) Xitratase actnities of the cells measured with formate (a) and with lactate (B) 
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the amount of prefoimed enzyme with which the adapted cells had been endowed 
durmg then initial, pievious adaptation 

It is also clear that, m the nitrate medium, adaptation of the pieviously 
unadapted cells pioceeds veiy rapidly, and that the relatively lugher mtratase 
activity of the adapted cells is not niamtained for very long After 4 hours 
the activities have become moie or less equalized The fall m the mtratase 
activity of adapted cells after 6 horns is piobably due to the known toxic effect 
of the lugh concentration of nitrite and other nitrate reduction products which 
are formed , contmued incubation of the previously unadapted cells pioduces 
a similai fall, not shown m this expeument The further adaptation of previously 
adapted cells when giown with mtiate is simply a reflection of the difficulty of 
achieving maximal adaptation merely by tieatment of washed cells with glucose 
and nitrate without growth Growth wuth fumarate gives a similar result to 
that wuth tetiatluonate, the only difference being a greater initial pioduction 
of “ basal ” mtratase m both adapted ana unadapted cells 

It might legitimately be objected that in determinations of activities of 
complex enzyme systems such as mtiatase, different results might be obtained 
according to what H-donor was used However, in an experiment illustrated 
by Tig 5, mtratase activities of adapted cells have been follow ed durmg growth 
in the tetratlnonate medium m parallel for a direct comparison between formate 
and lactate as H-donors There is an unexplained drop m the total mtratase, 
measured wuth lactate, after 4 1 hours, and there is a bigger fall in mtratase activity 
during the wffiole period when using lactate than w r hen using formate On the 
whole, however, the differences are relatively slight, and the same general picture 
is shown wdnehever H-donor is used for the mtratase assay 


DISCUSSION 


These results show 

(а) That “ basal ” mtratase formed by cells on growth wuthout nitrate is 
subject to considerable variation 

(б) That preformed mtratase of adapted cells growmg in the absence of 
nitrate remains apparently unmodified at least over a period durmg which cell 
mass has increased 8-fold 

Little comment is desirable on (a ) , especially since this wall form the subject 
of further work at a later date It seems likely that most adaptive enzymes are 
formed, at least to a slight extent, in the absence of substrate Even m the case 
of yeast galactozymase — not normally detectable except after adaptation m the 
presence of galactose — Spiegelman and Reiner (1947) have shown that the 
enzyme can in fact increase under certain conditions m the absence of the su - 
strate The amount of basal enzyme formed vanes from one strain of nucio 
organism to another, and might be expected to depend as well, to some extent, 


u Pon non-specific environmental factors - , 

With regard to (6), the inactivation of the mtratase system during was ung 
and dilution of the cells has led to some inaccuracy, particularly dunng the ear y 
part of growth Nevertheless, the results are clearly quite different from - 
that might be expected were some sort of interaction between adaptn e enzyme , 
as reported by Spiegelman and Dunn (1947) for yeast galaetozynwse anl H 
zymase, occurring S Preformed mtratase remains apparentlywunothfie 
the bacterial protoplasm increases, and the mtratase activity pe < PI 
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the normal unadapted level Still less is there any suggestion that treatment with 
nitrate has conferred on the cells some mtrinsically increased ability to produce 
mtratase The mcrease m total mtratase of the culture of adapted cells is no 
more than that which occurs with unadapted cells fo rmin g the usual amount of 
“basal ” enzyme 

SUMMARY 

Nitratase activities of mtrate-adapted cells of the cohform bacterium “ 1433 ” 
growing m a medium without nitrate have been studied 

This preformed mtratase of adapted cells remains unmodified during growth 
of the rest of the bacterial protoplasm , so that the enzyme activity per cell 
gradually falls, during growth, to its normal preadaptive level, by a simple 
process of “ dilution-out ” 
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A NEW blood group character designated “ Lewis ” was first described by 
Mourant (1946) who found that the red blood cells of about 25 per cent of 
English people v ere agglutinated by anti-Lewis sera and that the agglutination 
v as independent of the ABO, MN, Rh, P, Lutheran and Kell systems Jakobo- 
wicz, Simmons and Bryce (1947) described a further example of such a serum 
and Dr Mourant informs us that he has had several sera of similar character 
sent to him from the Regional Blood Transfusion Laboratories m this country 
Andresen (1947) reported that he, and independently Dr Ereisleben, had 
encountered several sera which agglutinated the red cells of 21 per cent of adult 
Danes It is now known that the antibody m these sera is identical with the 
antibodv m Mourant’s original sera Andresen (1947) observed that his sera 
agglutinated the erythrocytes of about 70 per cent of Danish children who were 
less than 7 months old, and that parents, both of whose red cells failed to 
agglutinate with these sera could have children whose erythrocytes were aggluti- 
nated He concluded that the agglutmabihty of the erythrocytes of adults 
behaves as a recessive Mendelian character, that is, adult persons whose red 
cells possess this agglutmabihty are genetically homozygous 
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In a further paper Andresen (1948) described an additional antibody which 
in most of its reactions showed an antithetical relationship to the original Lewis 
antibody The red cells of 6 per cent of Group 0 and about 37 per cent of 
Group A t persons, however, were not agglutmated by either of these sera 
Andresen considered that the gene A l could have an epistatic action on the 
agglutinogen defined by this additional antibody 

A revised notation to cover the recent developments m the “ Lewis ” blood 
group system has recently been proposed by Andresen, Callender, Fisher, Grubb, 
Morgan, Mourant, Pickles and Race (1949) and has been used throughout the 
present paper The two known Lewis genes recognized by Mourant and by 
Andresen respectively are now designated Le a and Le b , the corresponding anti- 
bodies as anti-Le a and anti-Le b and the gene products as Le a -substance and 
Le b -substance If the antiserum, anti-Le“, is used alone m agglutination tests 
the phenotype of the cells which react is defined as Le(a +), those not agglutmated, 
as Le(a — ) 

Our immediate interest m the Lewis blood group system arose from the 
observation that m a group of 62 persons all those whose red cells were aggluti- 
nated by anti-Le a serum and who were presumably of the genotype Le a Le a , 
were nonsecretors of their corresponding A-, B-, H-substances The results 
of the complete investigation, a preliminary account of which has been pubhshed 
by Grubb (1948), are now given 


EXPERIMENTAL 

Tegt sera Materials and Methods 

Anti-Le a sera from nine persons, including the original serum from Sirs 
Xewis, were used Eight of the sera were obtamed through the courtesy of 
Dr Mourant, who had identified them as anti-Le a sera Two of these sera 
were from persons of Group AB The anti-Le a serum “ Hughes,” which "was 
used throughout the work described m this paper and was kindly supplied by 
Miss Boorman, Miss Dodd and Mr Gilbey, of the National Blood Transfusion 
Service, came from a person with the following group characters A 2 , Le(a — ), 
secretor of A- and H-substances, CDe/CDe, Kell-ve, Lu(a — ) This serum is 
referred to as the “ Standard ” anti-Le a serum, and its anti-Le a character was 
fully confirmed by us m tests involving a panel of known Le(a -j~) (9) and Le 
(a — ) (27) bloods A small amount of a serum 11 Buckstem ” which was con- 
sidered to be identical with Andresen’s second type of anti-Lems serum, now 
designated as Le b antibody, was also available 

Test-cells 

Standard test-cells were Group 0 cells selected as representing the genotypes 
Le a Le a and Le a Le b Cells considered to represent the genotype Le a Le n were 
strongly agglutmated by the standard serum, were not agglutmated by anti-Le b 
and were obtamed from a person whose saliva inhibited completely at a dilution 
of 1 100 the standard dose of anti-Le a serum Cells which were not agglutinated 
by anti-Le a serum, were agglutmated by anti-Le b serum and came from a person 
one parent of whom was of the phenotype Le(a +) were accepted as being 
heterozygous Le a Le b cells The sahva of the heterozygous person fiioved «ome 
power to inhibit anti-Le a agglutinins 
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Agglutination and inhibition testa 


All agglutination and inhibition, tests were earned out with once-washed, 
freshly-piepaied erythrocyte suspensions The degree of agglutination was 
observed microscopically after smearing a drop of the test matenal, serum- 
erythrocyte suspension, on a glass slide Agglutinations were read after the 
tests had stood for at least 2 hours at 14-16° It was observed that after washing 
the Le(a +) cells six times with saline they were agglutmated by the “ standard ” 
anti-Le a serum to a much lower titre (4) than was normally observed with once- 
washed cells (16) 

The influence of temperature on the degree of agglutination brought about 
by the “ standard ” anti-Le a serum on Group 0 erythrocytes believed to 
represent cells of the genotypes Le a Le a , Le a Le b and of the phenotype Le(a — b — ) 
Avas observed The serum failed to agglutinate any of the cells at 37° but reacted 
weakly Avitli Le a Le a cells at 26° and more strongly (titre 16) at 16° The Le a Le b 
cells Avere not agglutmated at these temperatures but reacted wealdy at 10° 
Cells of the phenotype Le(a — b — ) remained unagglutinated at 10° 

OAAung to the strictly bmited amount of the anti-Le a and anti-Le b sera available 
the agglutination technique described by Mourant (1948) for Rh agglutination 
was employed The inhibition tests were carried out as follows The sej'um 
(0 01 ml ) was filled into a series of tubes (5 x 50 mm ) by means of a Pasteur 
pipette graduated at 0 01 ml and an equal Amlume of the appropriately-diluted 
test-fluid was added The contents were mixed by gentle tappmg and allowed 
to stand at 14-16° for 30 minutes The erythrocyte suspension (0 01 ml of a 
1-2 pel cent red cell suspension) was then added to each tube and the contents 
mixed After standing for at least 2 hours at 14-16° the tubes Avere examined 
foi agglutmation 

The tests used to determine the presence or absence of A and B substances 
m the secretions and body-fluids were performed as described by Morgan and 
King (1943) The detection of the so-called “ O ” substance (the H-substance 
of Morgan and Watkins, 194S) aa as made by means of an anti-H serilm engendeied 
in the rabbit agamst an artificial antigen built up from purified H-substance 
and the conjugated piotem of the O antigen of Shigella shigae The H activity of the 
matenals Aias also established by similar inhibition tests which used a serum 
fiom the eel Anguilla vulgaris (Jonsson, 1944, Grubb, 1949), which serum, at a 
' dilution of 1 100, agglutmated 0 cells strongly but was xnthout action on A X B cells 
The pig stomach extracts examined were prepared by autolysis of mdrvidual 
stomach linings at pH 3—4 (Arnmoff, Morgan and Watkins, 1946 , Bendich, 
Kabat and Bezel, 1946 , Chadwick, Smith, Anmson and Morgan, 1949) The 
human oa anan cyst fluids were from women belonging to Groups A, B, 0 and 
AB Fluids from secretors and nonsecretors Avitlnn the ABO classification 


AAere lHA’estigat-ed (Morgan and van Heymngen, 1944) 

The preparations of A- and H-substances were obtained by methods already 
described (Morgan and King, 1943 , King and Morgan, 1944 , Morgan and 
Waddell 1945) and purified until the matenals A\ere essentially homogeneous by 
pliAsieal chemical and immunological tests Full details for the preparation 
of these matenals aaiII be given elsewhere The A-substance contained 5 7 
per cent X and 9 1 per cent CO CH 3 , and showed a dextro rotation, 

r I ) j 0® f o 

— ■ ■■ Arm — — — The examination of the products of hydrolA r sis with 0 5k 
o461 
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HG1 revealed that the A-substance contained 37-38 per cent hexosamine (as 
base) and gave rise to 56 per cent reducing sugars measured as glucose The 
a-amino acid 1ST, 2 1 per cent, comprised 38 per cent of the total N The H~ 
substance contamed 5 4 per cent 1ST and was laevo - rotatory [a]-30° The material 
gave rise to 35 per cent hexosamine (as base) and 53 per cent reducing sugars 
after hydrolysis at 100° with 05 k HC1 A mucoid material, obtained from an 
ovarian cyst fluid which was devoid of A, B, H, Le a or Le b activity was used 
together with dextran, as a control substance, m inhibition tests The mucoid 
contamed 5 9 per cent N and showed no significant rotation 

RESULTS 

The examination of 212 erythrocyte specimens from nonrelated adults 
living m South-East England showed that 47 (22 2 per cent) of them were Le 
(a -(-) The salivas of the same persons were tested for the secretion of A-, 
B- and H-substanees and the result showed that 49 (23 1 per cent) were non- 
secretors of these substances There was some selection within the ABO 
classification and too few Group 0 persons were included 

A rather larger group of similar results representing all specimens examined 
is set out m Table I, from which it will be seen that of 222 individuals investigated, 
57 were Le(a -f-) and nonsecretors of the A-, B- and H-substances The 
remainder (165) were Le(a — ) and of these 163 secreted the appropriate A-, 
B- and H-factors In this group, therefore, there are two persons who are 
Le(a — ) and nonsecretors of A-, B and H-substances 


Table I — Correlation Between Le a Blood Groups and Secretor Character Within 



the ABO Classification 

* 





0 

A! 

A, 

A 

B 

AB 

Total 

Erythrocytes Le(a +) 








A,B,H nonsecretors 

23 

11 

6 

10 

5 

2 

57 

Erythrocytes Le(a — ) 








A,B,H secretors 

47 

45 

14 

30 

18 

9 

163 

Erythrocytes Le(a +) 








A,B,H secretors 

0 

0 

0 

0 

0 

0 

0 

Erythrocytes Le(a — ) 








A,B,H nonsecretors 

0 

1 

1 

0 

0 

0 

2 


70 

57 

V. 

21 

40 

23 

11 

222 




Y 

ns 





* This table 

includes 

the results recorded earlier (Grubb, 104S) 




The secretion of a water-soluble, serologically specific Le a -substance vas 
investigated by means of inhibition tests made with sahia at three dilution^ 
(1 5, 1 25 and' 1 100) using the standard anti-Le a serum ‘ Hughes, titre 1 10 
and Le“Le a test-cells The first 10 sahva specimens examined vere investigated 
with two additional anti-Le -1 sera using test cells obtained from four different Le 
(a +) persons The only difference observed was that a weaker serum gait a 
higher inhibition titre, a result which could have been anticipated - -unnn.tr} 
of the results obtained with sabvas from 80 persons are set out in Table 11 irom 
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which it is evident that all persons so far investigated whose red cells are Le 
(a +) secrete Le a -substance in the saliva, whereas only some of the persons 
whose red cells are Le(a — ) do-so The salivas of persons from the former group 
are on the whole more potent than the active salivas obtained from the latter 
group A specimen of gastric juice obtained from a person of phenotype Le 
(a +) contamed Le“-substance 

Table II — The Result# of Inhibition Test# Using Saliva and Anti-Le a Serum 

Percentage of salivas inhibiting 
anti Lea agglutination 
Saliva dilution 


Saliva from 
persons with 

Number of 
specimens 

r — 

1 5 

1 26 

i w 

Le(a — ) red cells 

50 

81 

40 

0 

Le(a -f ) red cells 

30 

100 

100 

90 


The examination of the distribution of the water-soluble Le a -substance m 
the body-fluids was extended to a large number of ovarian cyst fluids and the 
results of inhibition tests, which are set out in Table III, showed that some cyst 
fluids contamed relatively large amounts of Le a -substance The cyst fluids were 
collected earlier for another purpose and it is, unfortunately, not known whether 
the red cells of the persons concerned were Le(a +) or Le(a — ) It will be 
seen, however, that against a strongly-agglutinating dose of the “ standard ” 
serum some cyst fluids could be diluted manj^ thousands of times, and were 
then able to inhibit completely the agglutinating action of the anti-Le ft serum 
One cj’at fluid, “UN”, showed no significant amounts of A-, B- and H- substances 
but was rich m Le a -substance Preparations of purified and essentially homo- 
genous human Group A-substance and H-substance of both human and animal 
origin sliov r no significant power to inhibit the agglutination of Group 0, Le 
' (a -f-) erythrocytes by anti-Le a serum 


Table HI — Shoioing the Inhibition of Anti-Le a Serum by Ovarian Cyst Fluids 


C\st 

fluid 

ABH 

Secretor (S) 
or non 

Group secretor (s) 

Dilution 

of cyst fluid inhibiting the agglutination of Le(a + ) 
erythrocytes by anti Lea serum 

A . 




' 1 10 

1 100 

1 1000 

1 3000 

1 12,000 

1 50,000 

07 

0 

S 

0 

0 

0 

0 

0 

0 

115 

B 

S 

0 

0 

0 

0 

0 

0 

2S 

B 

s 

0 

0 

0 

1 

2 

2 

105 

A 

S 

0 

0 

0 

0 

1 

2 

111 

AjB 

S 

0 

0 

1 

2 

3 

3 

117 

AjB 

S 

0 

1 

2 

2 

3 

3 

29 

A X B 

s 

3 

3 

3 

3 

3 

3 

UN 

— 

s 

0 

0 

0 

0 

0 

0 

Salme 

— 

— 

3 

3 

3 

3 

3 

3 


Degree* of agglutination O, no agglutination , 1, a few groups of 2-3 cells , 2, larger groups 
with nian\ free cells , 3, mam small clumps 


The results of a few similar tests set up to detect the secretion of a soluble 
Le b -substance are given m Table IV A specimen of mucoid obtained from an 
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ovarian cyst fluid which showed Le b activity inhi bited a strongly agglutinating 
dose of anti-Le b serum at a dilution of 1 2 x 10 6 It may be concluded, therefore, 
that this gene product is also secreted m a water-soluble form 

Table IV — Showing the Inhibition of Anh-Le°-Serum by Saliva 

Final dilution of saliva inhibiting anti Leb 
serum 


Donor’s red. cell phenotype 

( ' 

1 3 

1 16 

175 

Le(a -f ) 

3 

3 

3 

Le(a +) 

3 

3 

3 

Le(a — b -J-) 

0 

0 

0 

Le(a — b +) 

0 

0 

0 

Le(a — b — ) 

3 

3 

3 

Le(a — b — ) 

3 

Degrees of agglutination as m Table III 

3 

3 


Of 165 persons whose erythrocytes failed to react with anti-Le a serum, 163 
secreted the appropriate A, B, and H factors in a water-soluble form, whereas 
2, whose blood belonged to the Groups A x and A 2 respectively, failed to do so 
The reactions of the blood and saliva specimens from these individuals were 
confirmed on fresh samples and there appears to be little doubt that these persons 
are exceptions to the rule that individuals whose red cells are not agglutinated 
by anti-Le a serum secrete the appropriate A-, B-, and H-substances 

The -erythrocytes of one of the individuals (M R , Group A 3 ) were not aggluti- 
nated by any of our panel of anti-Le a or anti-Le b sera and her saliva failed to 
inhibit the agglutination of A 2 cells by natural (human) anti-A serum or the 
haemolysis of sheep cells by rabbit anti-sheep cell serum The saliva from these 
two individuals contained neither Le“- nor Le b -substance The red cells of both 
persons were of the phenotype Le(a — b — ) 

MISCELLANEOUS OBSERVATIONS 

During the investigation a number of additional observations were made 
which seem worth recording For example, no natural anti-Le a agglutinins 
were deteoted m 21 normal rabbit or m 14 normal chicken sera Specific Le a - 
substance was not present m the mucoid materials prepared from 50 different 
pig stomach linings by acid autolysis and it would appear that preparations of 
A- and H-substances from this source can, therefore, be used for the neutralization 
of anti-A and anti-H agglutinins which may be present m human anti-Le n sera 
A mucoid material prepared from sheep submandibular gland (McCrea, un- 
published) which showed considerable activity as a receptor substance for heated 
influenza virus likewise showed no Le a activity Anti-Le a agglutinins v ere 
not absorbed by specimens of red cells from six rabbits and were not neutralized 
by the specific polysaccharide of Pneumococcus, Type XIV, or by' the purified 
0 antigen of Shigella shigae 

The serum from a person of genotype Le°Le n neutrabzed a strong!}’ aggluti- 
nating dose of anti-Le a ser um although at a dilution of 1 2 onty, v, hereas the 
serum from a person of the phenotype Le(a — b — ) v as without porer to 
inhibit Le a -substance is, therefore, most probably present m lov concentration 
m the ser um of persons whose red cells are agglutinated by anti-Lc serum 
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The enzymic inactivation of the specific Lea- and Le b -substances 

The action of enzyme preparations obtained from culture filtrates of certain 
strains of Cl welchn (Type B) on purified preparations of the Le a -substance 
lias examined It had already been shown that these enzymic preparations 
inactivate serologically the A-, B- and H-substances (Morgan, 1946 Stack and 
Morgan, 1949) and that the enzymic activities could to some extent be differ- 
entiated by heatmg the enzyme preparation at 56° for 1 hour whereby the 
activity agamst the group substances A and B is lost The heated solutions, 
lion ever, are able to destroy the serological character of the H-substance The 
Le a -substance (1 0 ml of 0 1 per cent solution m buffer at pH 6 4) was mixed 
vuth an equal volume of the enzyme solution and mcubated at 37° fox 2 horns 
m the presence of toluene The enzyme solution used was (a) unheated, ( b ) 
heated at 56° for 1 hour, and (c) heated at 100° for 16 mmutes After incubation 
the enzyme-substrate solutions were heated at 100° for 10 mm to inactivate 
an enzyme present which brings about a sensitization of the red cells used m 
the agglutination-inhibition test performed subsequently to measure the degree 
of inactivation of the Le a -substance The lesults of an experiment of tins kind 
are given in Table V from which it will be seen that the Le a -substance is rapidly 
destroyed, whereas the enzymic material, after heatmg for 1 hour at 56° is almost 
inactive Similar results were obtamed Math a partially purified specnnen of 
Le b -substance 


Table V — Showing the Inactivation of Le a -Substance by a 01 welchn ( Type B) 

Enzyme Prepai ation 


Treatment of en7yme 

TJnlieated 
Heated 66° 1 hr 
„ 100° 15 nun 


Dilution ( x 10 4 ) of Le« substance inhibiting the agglutination of O, 
Le(a +) cells by anti Le" serum 

. a 

12 14 IS 1 16 1 32 1 04 1 12S 1 256 1 512 


-i 


0 0 
0 0 
0 0 


1 2 
0 0 
0 0 


3 3 

0 1 

0 0 


3 3 3 
2 3 3 
1 2 3 


Degrees of agglutination as m Tablo III 


DISCUSSION 

A close correlation of the Leuas blood-group character with the secretor- 
nonsecretoi status Mathin the ABO classification has already been recoided by 
Grubb (194S) m a preliminary communication involving the data obtamed from 
a relatively small group of adults The results of the mam investigation are 
communicated m this papei and confirm the earlier finding that persons w r hose 
red cells react Math anti-Le' 1 seium are also nonsecretors of the A-, B- and H- 
substances More recently, Race, Sanger, Lawler and BertmshaM r (1949) have 
liken isc fully confirmed this interesting relationship Furthermore, these 
authors shoved that the data obtained from family studies are consistent with 
Andicsen s mew that adults whose red cells are agglutinated by anti-Le a serum 
are genetically homozygous 

The frequency of bloods in our material giving agglutination vntli anti- 
Le n serum, 22 2 per cent, agrees closely mth the figure 22 7 per cent found by 



205 


THE “ LEWIS ” BLOOD GROUP CHARACTERS 

Race et al (1949) m a similar English, population The frequency of nonsecretors 
of A-, B- and H-substances, 23 per cent, found by us is of the same order as that 
reported for other populations The corresponding figures are, for Germany, 
22 0 per cent (Schiff), Denmark, 26 0 per cent (Hartmann, 1941) and New York, 
18 per cent (Schiff see Wiener, 1946) 

Le a - and Le b -substances are secreted in a water-soluble form as are the A-, 
B- and H-substances and, therefore, the terms secretor and nonsecretor should 
not be used without indicating clearly the group system involved Le a - and 
Le b -substances resemble the A-, B- and H-substances m general "physical and 
chemical properties They are heat stable, water-soluble substances of mucoid 
nature and are readily decomposed by an enzyme m Cl loelcTm (Type B) culture 
filtrates The Le a -substance occurs in sabva, gastric juice, ovarian cyst fluids 
and serum The presence of the Le b -substance has not been tested for in gastric 
juice or serum but it has been shown to occur in a water-soluble form m saliva 
and ovarian cyst fluids 

Le a -substance was clearly demonstrable in the sabva from 30 persons whose 
red-cells were of the phenotype Le(a -j-) The majority of salivas from persons 
- whose erythrocytes were Le(a — ) also contained Le a -substance These obser- 
vations are very different from those encountered m the ABO system where, foi 
example, every fifth person belongmg to Group A does not secrete A-substance, 
and A-substance does not occur in the secretions of persons whose red cells fail 
to react with anti-A serum, that is m those persons who belong to Groups 0 or B 

It seems as if all persons possessing the Le a gene secrete Le a -substance One 
consequence of accepting Andresen’s view that persons whose red cells are 
agglutmated by anti-Le a serum are of the genotype Le a Le a , is that a majority 
of persons whose erythrocytes fail to react with anti-Le a serum nevertheless 
possess an Le a gene It is not surprising, therefore, that the specific Le a -sub- 
stance may be encountered m the secretions of these persons In secretions and 
body-fluids the Le a -substance is m solution and its presence is demonstrated by 
means of the very sensitive agglutmation-mhibition test In red cells, on the 
other hand, the specific Le a -substance is part of a fixed surface structure, the 
Le a agglutinogen, and may be subject to the influence of co-existing heterologous 
determinant groupings and other unspecific factors which may combme to 
reduce the sensitivity of the agglutination test The differences m substrata 
and technique may, therefore, conceivably make the whole difference between 
detection (m the sabva) and non-detection (m the erytlirocytes) of a smgle dose 
of the Le a -gene Although it may now be accepted that the Le a -substance occurs 
m the secretions of many persons whose red cells seem to lack the corresponding 
agglutinogen, it can be anticipated that the practical application of tins know ledge, 
the demonstration of the presence of a smgle dose of the gene by means of 
inhibition tests using sabva, will be beset with difficulties It is known that 
within the ABO system the differentiation of secretors from nonsecretors is in 
certain instances not very satisfactory (Hartmann, 1941) and the results of the 
present study indicate that the Le a secretion-nonsecretion phenomenon represent 1 ' 
more gradual and continuous variation than is met with m ABH c ecretion- 
nonsecretion It is a matter of conjecture, therefore, whether some of the cn^-c- 
are to be classified as secretors or as nonsecretors of Le a -substance . . 

As the great majority of sahvas obtained from persons whose rec ce s ai 
to react with anti-Le a ser um contain some specific Le 3 -subhnnce, on \ a muiori \ 
15 
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of salivas could be used for the neutralization of anti-A or anti-B agglutinins m 
anti-Le“ sera 

In our material all persons who possess Sclnff’s secretor gene, S, have red 
cells which are not agglutinated by anti-Le a serum There is, therefore, a close 
although mverse relationship between the Le a and S genes It is known from 
Andresen’s results, however, that the majority of these bloods will react with 
anti-Le’ J serum and, furthermore, it is probable that no bloods of the phenotype 
Le (a + b -f ) exist It might be anticipated, therefore, that there is some kind 
of relationship between Le b and S genes Owing to the very limi ted amount of 
anti-Le b serum available we have been forced to confine our tests to a few instances 
where the erythrocytes or secretions were deemed of special mterest It was 
thought earlier that a very close relationship might exist between H-sub- 
stance and Le b -substance and in consequence a number of specimens of H-sub- 
stance of human origin were tested for their capacity to neutralize H and Le b 
antibody and the two activities expressed as a ratio The results showed that 
H-substapee and Le b -substance cannot be identical Furthermore, we have 
encountered an individual of the phenotype 0, Le(a — b — ) who secretes H-sub- 
stance but not Le a or Le b -substances Dr Race informs us that he has encoun- 
tered three persons with similar characters The frequency of the occurrence 
of the phenotype Le(a — b — ), secretor of A-, B- and H-substances, cannot be 
estimated on our material as the very limited amount of anti-Le b serum available 
has precluded an adequate investigation for the presence of this gene product 

From what is already known of the Lewis system it can be surmised that 
Le b -substance and some or all of the A-, B-, H-substances will be frequently 
found together in the body-fluids and secretions 

It is evident from the results given in Table I and from the findings of Race 
c t al (1949) that the correlation between Le(a -f-) blood group character and 
secretoi status within the ABO classification, is a very close one On the basis 
of probability it would seem impossible that these results have arisen by chance 
A simple rule seems to hold and may be expre c sed as Adult persons with 
Le(a +) red cells are nonsecretors of A-, B- and H-substances and adult persons 
who possess Le(a — ) red-cells are secretors of these substances As a result 
of tlus relationship it follows that m adults a good estimate as to the secretor- 
nonsecretor status of an individual within the ABO classification can be made 
on the basis of a simple agglutination test with anti-Le a serum So far less than 
1 per cent of individuals are known to be exceptions 

Individuals whose red cells are agglutinated by anti-Le“ serum most probably 
possess the Le a -gene ui double dose and they are nonsecretors of the A-, B-, 
H-substances Sclnff and Sasaki (1932) have shown that persons who are non- 
secretors of the A-, B-, H-substances possess the gene s m double dose Does 
the close correlation of Le(a -j-) red cell character and non-secretion of the A-, 
B-, H-substances indicate that the genes Le a and s are identical? We have 
observed a few individuals of the phenotype Le(a — b — ) in whose saliva no 
A-, B-, H-, Le a - or Le b -substances v ere demonstrable The absence of these 
gene products is not due to impaired health or old age and mdeed the exami- 
nation of 10 persons, within the age group 55-SO, who were suffering from Addi- 
sonian anaemia and were thus nonsecretors of hydrochloric acid, revealed no 
exceptions to the rule that Le(a — ) persons are secretors of the appropriate 
A-, B-, H-substance It seems probable, therefore, that the phenotype Le 
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(a — b — ) nonsecretor of A-, B-, H-substances is an accurate reflection of the 
genetical constitution of these mdividuals and the existence of such individuals 
makes it improbable that the genes Ae° and s are identical Is this an example 
of linkage m man 2 If Le a and s genes are linked they must be very closely 
linked, otherwise crossmg-over would have obliterated the Le(a +) -nonsecretor 
association in the general population 

If the genes Ae° and s are linked, this linkage is so close that one might place 
these genes, and consequently the genes Le b and S, in one genetic system Further- 
more, the general similarity of the physical and chemical properties of the soluble 
products of the Ae°, Le b and S genes might be an additional reason for considering 
that they belong to the same system 

The Lewis system and its relationship to the secretor-nonsecretor phenomenon 
within the ABO classification cannot be discussed at length m this paper It 
is, nevertheless, worth considering briefly It is suggested that there are three 
allelomorphic pairs of genes, S and s, Ae° and Ae a , Le b and Le p , which occupy 
contiguous loci The genes Ae a and Le p , are aUelomorphic to the genes Ae“ 
and Ae 6 respectively and are unknown at present The symbols Ae a and Ac' 9 
are used here solely to illustrate the hypothesis Such a system would be similar 
in many respects to the Rh system and of the eight possible combinations on a 
single chromosome, four only, s Le a Ae* 5 , s Le a Ae* 3 , S Ae a Lef, S Ae a Le b , occur 
at all frequently in our material The data so far recorded would appear to 
fit a system of this land which comprises a closely-packed constellation of three 
individual genes We are well aware of the tentative character of the hypo- 
thesis The predictions inherent in the scheme, however, are largely open to 
experimental proof 


SUMMARY 

1 The examination of blood and saliva of 212 persons has shown that 
22 2 per cent are Le(a +) and that these mdividuals all fail to secrete A-, B- 
and H-substances There is, therefore, a very close association between Le 
(a +) red cell character and inability to secrete m terms of the A, B and H 
blood-group factors 

2 Le a - and Le 15 -substances are present m secretions of persons of the 
appropriate genotype and show the same general physical and chemical characters 
as the A-, B- and H-substances 

3 It seems probable that all persons possessing the Ae a gene secrete Ac“- 
substance 

4 Some human ovarian cyst fluids are a convenient and potent source of 
the Le a - and Le b -substances 

5 The speoific Le a - and Le b -substances are inactivated by an enzyrrfe present 
m Cl welclm (Type B) culture filtrates 

G Le b - and H-substances are not identical 

7 It is suggested that the Le a , Le b , S and s genes belong to one and the 
same system 

8 Among 222 individuals, tuo nonseeretors of A-, B-, H-substances vho^c 
red cells were Le(a — ) were found These two individuals vere nbo non- 
secretors of Le a - and Le b -substances and their red cells -were Le(b — ) A jx r-on 
of the phenotype 0, Le(a -b-), who was a secretor of H-subsUmcc and a 
nonsecretor of Le a - and Le b -subsfrances was ako encountered The occum xct 
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of persons with, these serological characters might be considered to indicate the 
existence in the Lewis system of additional, unknown genes 

Our thanks are due to Dr R R Race and Dr Ruth Sanger for much helpful 
advice during the investigation and to the staff of the Regional Blood Transfusion 
Depot, Sutton, for a generous supply of bloods and sahvas 
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During a survey of the antibacterial properties of aerobic spore-forming 
bacilli, Gilbver (1949) found that a strain of Bacillus alvei (code number 642 m 
the collection of Dr Gibson of Edinburgh), when streaked on lemco agar, pro- 
duced diffusible substances that inhibited the growth of a number of Gram- 
positive and Gram-negative bacteria This paper contains a preliminary accoimt 
of one antibiotic, named alvein, which is formed by Bacillus alvei 642 m certain 
liquid media 

Production 

The production and purification of alvein were followed by the use of the 
cylinder plate method of assay (Heatley, 1944) Staph aureus (1ST C T C 6671) 
was used as a test organism, and a dry preparation of alvein hydrochloride was 
adopted as an arbitrary standard At a dilution of 1 in 10,000 the standard 
preparation produced inhibition zones of from 16 to 18 mm m diameter 

Early attempts to produce the antibiotic by growing B alvei m stationary 
liquid culture met with little success Active material was formed m a lemco- 
peptone broth, but only when a surface growth of the bacillus was facilitated by 
some mechanical support, such as by pads of cotton wool floating in the medium 
The use of stationary cultures was abandoned when it was found that an anti- 
biotic was readily formed by deep fermentation m a medium containing glucose, 
com steep liquor and inorganic salts 

Medium and conditions of culture 

The organism was grown m deep aerated culture in the following medium 


NaN0 3 

3 0 g 

EeS0 4 

001 g 

KHoP0 4 

lOg 

Com steep liquor 

10 ml 

KOI 

0 5 g 

Glucose 

10 g 

MgS0 4 7HoO 

0 5 g 




made up to 1 litre with tap water and adjusted to pH 7 0 before autoclaving 

The fermentation was carried out in 10 litre bottles containing 8 litres of 
medium One ml of sterile triamyl citrate per litre of medium vas added, nfu r 
autoclaving, to prevent frothing The inoculum vas 200 ml of an aerated o\ cr- 
niglit culture m the same medium The bottles were placed m a voter h it ft at 
37° C and the cultures aerated through perforated gla=^ bulbs at the rat* o 
about 1 litre of air per litre of culture fluid per minute After from to 
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hours the culture fluid was at pH 6 6-7 0 and its activity was approximately 
equivalent to that of a 1 in 80,000 solution of the standard alvem hydrochloride 
In a medium containing lower concentrations of com steep liquor and glucose 
the activity fell off rapidly after reaching its maximum When higher concen- 
trations of corn steep liquor and glucose were used, a large proportion of the 
activity appeared to be due to an antibiotic other than alvem, winch was active 
against Myco phlei but not against Stapli aureus 


Extraction and purification 

In early small-scale experiments the antibiotic was extracted directly from 
the culture fluid (adjusted to pH 9 0) by butanol For dealing with larger quan- 
tities of fluid it was more convenient to use a process involving adsorption onto 
charcoal The process was carried out m the following maimer 

The culture fluid was cleared, either by standing overnight or by centrifuging 
The supernatant liquor was brought to pH 7, and shaken with 0 5 per cent 
charcoal (Farnell grade 14 neutral) which adsorbed the active material The 
latter was eluted by shaking the charcoal with a two-phase mixture of n-butanol 
and n/o HOI (13), the total amount used bemg 1/1 0th of the volume of the 
original culture fluid Most of the eluate was concentrated m the butanol layer 
It was transferred to aqueous solution by mixin g the butanol with one volume of 
ether, shaking the mixture with one volume of distilled water, and adjusting the 
pH to 2 0 The resulting aqueous solution was neutralized and filtered 

A two-phase system of butanol and dilute HC1 had previously proved useful 
for eluting the antibiotic ayfivm from charcoal (Amagada, Abraham, Shaip, 
Savage, Heatley and Sharp, 1949) Butanol is adsorbed on the charcoal and dis- 
places the antibiotic, winch partly enters the aqueous phase In the case of 
alvem the antibiotic then passes largely mto the layer of remaining butanol, the 
final svstem consistmg of three phases The method presumably depends on the 
reduction m concentration of the desorbed substance m the elutmg solvent which 
results from the entry of the substance mto the aqueous phase 

Steenberg (1941) first described a procedure for desorption from charcoal 
winch involved alternate treatments of the charcoal with an organic solvent, 
such as benzene, and water The adsorbed substance was insoluble m the 
orgamc solvent but was displaced by it from the charcoal and could then be 
removed by water The use of benzene and an aqueous phase was not successful 
with avfivni The efficiency of butanol and dilute HC1 for elutmg ayfivm, 
laterosporm (Barnes 1949) and alvem may be associated with the significant 
solubilitv of these antibiotics m butanol 

After extraction from butanol, alvem was precipitated from aqueous solution 
by the addition of an excess of saturated picric acid at 4° C The picrate was 
dried m a vacuum desiccator and then converted to the hvdroehlonde by stirring 
with ethyl alcohol contammg 5 per cent x HC1 Alvem hydrochloride was pre- 
cipitated from the acid-alcohol extracts by the addition of an excess of dry ether 
The precipitate was washed with ether and dried %n vacuo The yield was about 
3-4 mg per litre of culture fluid and represented a recovery of 20-30 per cent of 
that present m the original culture fluid 

The properties of alvem which are recorded m the following sections refer to 
material obtained m this manner 
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Further purification 

To obtain some idea of the homogeneity of this preparation an eight tube 
counter-current distribution (Craig, Golumbic, Mighton and Titus, 1945) was 
earned out with 20 mg of active matenal Isobutanol-phenol (11) and 0 1 N 
aqueous acetic acid were used as the two phases and the total volume of solvents 
m each tube was 2 ml The overall partition coefficient of the antibactenal 
activity in the system was approximately one After the distribution, Tube 0 
contamed 6 5 per cent of the matenal, but no activity, while Tube 8 contained 

5 6 per cent of the material and about the same proportion of activity The 
amounts of matenal and activity m Tubes 2-7 approximated to those expected 
if these tubes contamed a smgle active substance with a partition coefficient of 
1 28 It was thus possible that the preparation contamed less than 10 per cent 
of inactive material and that the major portion of the activity was associated 
with a smgle substance, although a second active substance was present m a 
proportion of about 5 per cent 

Chemical Properties 

The preparation of alvein hydrochlonde gave the following values on ele- 
- mentary analysis C, 49 0 , H, 8 7 , N, 12 9 , S, 1 2 , X C1, 8 9 

The hydrochloride was easily soluble m ethanol and m water, but insoluble 
in acetone, chloroform or ether A solution in water had a pH of about 3 8 As 
the pH was raised by the addition of sodium hydroxide the substance became 
much less soluble Precipitation began when the pH approached 7 and increased 
as it was raised further to 9 The precipitate dissolved on addition of ethanol 

On shaking a solution of alvein hydrochlonde m aqueous alcohol with a sus- 
pension of silver oxide, or on adding an amount of sodium hydroxide equivalent 
to the chlonde present, the solution became alkaline to phenolphtkalem, indicat- 
ing that the free substance was a strong base 

Alvein was extracted by butanol from solution m water at pH 9 It was not 
removed by butanol from a solution m water at pH 3, but was readily extracted 
by phenol The presence of small amounts of sodium chlonde greatly affected 
the partition coefficient of alvem between butanol and an aqueous solution at 
pH 3 One per cent sodium chlonde caused most of the antibiotic to enter the 
butanol phase, and 0 1 per cent sodium chlonde had a significant effect This 
action of salt was presumably responsible for the fact that after elution from 
charcoal under acid conditions the antibiotic was found largely in the butanol 
layer 

In aqueous solution at room temperature alvem lost no measurable activity 
m two hours at pH 2, 7 or 9, but its activity was reduced in 0 1 N or 0 5 N H Cl 
It retamed its activity for one hour m boiling aqueous solution at pH 2, but in a 
similar solution at pH 9 half its activity was lost The activity of an aqueous 
solution of alvem (0 2 mg per ml ) was reduced to about one eighth of its original 
value after incubation for 4 hours with commercial trypsm (1 mg per ml ) at 
pH 8 Incubation with 50 per cent horse serum resulted in very little loss m 
activity 

Alvem gave a positive Sakaguchi reaction for arginine, but negative colour 
reactions for tyrosine and tryptophane After hydrolysis for 20 hours with 

6 x HC1 at 105° C , the product gave a strong nmhydrin reaction The colour 
density yielded by a given weight of alvem hydrochloride, determined n ic 
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method of Moore and Stem (194S), was almost identical with that given by the 
same weight of leucine Analysis of the hydrolysate by paper chromatography 
(Consden, Gordon and Martin, 1944) indicated the presence of cystme, lysme, 
serme, threonine, alanine, valine and leucine Lysme and leucme appeared to 
be present m large amounts There was no indication of the presence of glutamic 
acid or aspartic acid 

The preparation thus behaved as though it consisted mamly of a strongly 
basic potypeptide 

Biological Activity 

Antibacterial activity 

The activity of alvem against a number of bacteria was determined by a 
serial dilution method m nutrient broth The solutions of alvem hydrochloride 
were sterilized by filtration through a sintered glass bacteriological filter, and 
diluted m a two-fold senes Ten per cent of serum was present m the tests with 
Str pyogenes and C diphthenae The tubes were inoculated from overnight 
broth cultures of the test organisms, and the results were read after overnight 
incubation, the end-point being taken as that concentration of alvem which com- 
pletely prevented visible growth Further incubation for one day did not decrease 
the inhibitory level more than two -fold 

The test with Myco tubeiculosis was kindly performed by Dr A Q Wells 
The organism was cultured m Dubos’ medium contammg 10-fold dilutions of 
alvem, the inoculum bemg 0 1 ml of a 7-day culture m Dubos’ medium The 
results were read at 4 days and 1 1 days 

The results obtained are shown in Table I 


Table I — Antibacterial Activity 


Test organism 

End point at 24 hours 1 part alvem 
hydrochloride in x thousands 

Staph aureus 

512 

Str jnyogencs (ON 10) 

12S 

C diphthenae var gravis 

128 

G xerosis 

8,000 

Bact coh 

32 

Ps pyocyanca 

16 

B anthracis 

612 

Myco phi ci 

32,000 

Myco tuberculosis (P 1ST ) 

100 (4 days) 


10 (11 days) 


Attempts to increase the resistance of Staph aureus by growing it in the presence 
of sub-inhibitory amounts of alvem were unsuccessful The action of alvem on 
Myco tuberculosis appeared to be bactericidal 

Haemolytic activity — Alvem is haemolytic Its action on human erythrocytes 
at 30° C was measured quantitatively m a photoelectric apparatus designed by 
Dr W E van Heymngen, to whom we are indebted for collaboration At a 
dilution of 1 in 5 000, alvem produced 7S per cent haemolysis of a 0 4 per cent 
suspension of human red cells m 10 seconds At 1 m 15,000 it produced 22 per 
cent haemolysis under the same conditions After the first rapid change, sub- 
sequent haemolysis was relatively very slow 
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Bemheimer (1947) found that tyrocidme, m contrast to certain bacterial 
kaemolysins, caused a rapid haemolysis which was followed by a slow haemolysis 
at a constant rate The phenomenon appeared to be due to inhibition of the 
action of tyrocidme by the products of haemolysis Although the haemolytic 
action of alvem resembles that of tyrocidme the two substances are quite distinct 
m other properties 

Other Antibacterial Substances Produced by B alvei, 642 

At least one antibacterial substance other than alvem appeared to be produced 
by B alvei in Czapek-Dox broth The evidence for an additional substance 
depends on the following observations 

(1) When samples of culture fluid were incubated with commercial trypsin, 
their activity against Staph aureus and C xerosis was reduced to l/8th-l/16th 
of the original value This reduction could be accounted for by the effect of 
trypsin on the alvem present m the fluid The activity agamst Myco phlei, 
however, was reduced only to one half 

(2) The recovery of activity from the culture fluid was only about 10 per cent 
when Myco phlei was used as test organism, whereas it was 20-30 per cent when 
Staph aureus was used 

It thus appeared that there was a substance m the culture fluid which was 
active mainly agamst Myco phlei and was not readily mactivated by trypsin, 
but which was lost during the extraction of alvem The antibacterial activity 
of the culture fluids produced by deep fermentation m Czapek-Dox broth con- 
taining high concentrations of com steep liquor and glucose was probably due 
mamly to the presence of this substance 

SUMMARY 

& 

An antibiotic named alvem has been extracted from the culture fluid of a 
strain of Bacillus alvei Alvem has the properties of a strongly basic polypeptide 
It is highly active against a variety of Gram-positive bacteria and less active 
agamst certam Gram-negative bacteria It is haemolytic 

We wish to thank Miss M Bond for doing some of the serial dilution tests, 
and Miss Ann Pill and Mr D Jackson for technical assistance One of us (K G ) 
is mdebted to the Agricultural Research Council for personal grants and for 
grants towards the expenses of this work 
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Ik recent years some 20 apparently distinct antibiotics have been obtamed 
from the culture fluids of various species of aerobic spore-forming bacilli A 
small number of them are capable of protecting animals against experimental 
infections with bacteria susceptible to their action Some have been used m 
man, particularly for local application on infected surfaces 

This paper records the results of a survey of the antibacterial activity of 
identified strains of bacilli The object of the survey was to select strains, if 
possible not previously investigated, as a preliminary to more detailed investi- 
gation of their antibacterial properties 

EXPERIMENTAL 

Most of the cultures were obtamed from the National Collection of Type 
Cultures, or from the collection of Dr T Gibson, of Edinburgh, and the identity 
of all strains was established or checked by the methods of Gibson (1944) and 
Gibson and Topping (1938) To keep the scope of the work withm practicable 
limits the strains were examined by a restricted number of somewhat arbitrary 
procedures The procedures were designed to detect those strains which secreted 
antibacterial substances, and to differentiate as far as possible between different 
substances Strains were selected for further study if they produced large 
yones of inhibition m any of the tests, and if the antibiotics concerned appeared 
to possess interesting antibacterial ranges It was also considered advantageous 
if the substances were not readily inactivated m the presence of trypsin or serum 

Detection of act lie strains 

The production of antibacterial substances at 37° C on one solid medium 
and in one liquid medium was studied 

Solid medium — The solid medium was a lemco agar containing 1 per cent 
peptone, 1 per cent lemco and 0 5 per cent sodium chloride, all the strains bemg 
tested on this medium by the cross-streak method Primary streaks of bacilli 
were incubated for 24 hours, and the test organisms were then streaked at right 
angles to them After a further 24 hours’ meubation measurements were taken 
of any inhibitions The following were used as test organisms 

Staph aureus Is GT G 6571, B act coh, Ps pyocyanea, S enieritidis Gaertner, 
S typhi, C xerosis, C diphtheriae var gravis, Myco phlei (laboratory strain , 
XCTC strains 525 and 1471) and Myco smegmatis 
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Liquid medium ■ — Potato dextrose broth was chosen as the liquid medium 
since it had already been found to be suitable for the production of bacilysm 
by a strain of B subtilis and of ayfivm by a strain of B lichemformis (Arriaga da, 
Abraham, Sharp, Savage, Sharp and Heatley, 1949) In making a litre of 
broth, 200 g of diced potatoes were steamed in 500 ml of tap water for one 
hour After the bulk of the debris had settled the liquor was strained through 
cotton-wool, the volume made up to 1 litre with tap water, and 10 g of dextrose 
added The bacilli were grown m layers of broth about 1 cm deep in 500 ml 
Erlenmeyer flasks The activity of the culture fluids was assayed daily for 
12 days by the cylinder plate method (Heatley, 1944), using Staph aureus and 
Myco phlei as test organisms The antibacterial content of the cells was not 
investigated 

Differentiation between the antibacterial substances produced 

Some differentiation between the substances secreted on the cross streak 
plates was possible on the basis of the differences in antibacterial ranges 

Several methods were used m attempts to differentiate between the sub- 
stances secreted into the liquid medium 

{a) Culture filtrates were sterilized by gradocol filtration, and incorporated 
with agar in gutters cut along the diameter of lemco agar plates After diffusion 
overnight at 4° C these were cross streaked with a range of bacterial test organisms , 
and inhibitions were measured after overnight incubation at 37° G 

(6) Samples of culture filtrates were incubated for 6 hours, either with 1 mg 
per ml of commercial trypsin, or in 50 per cent horse serum, and the residual 
activity was then measured by the cylinder plate method 

(c) Many of the zones of inhibition of Staph aureus produced by the culture 
fluids of B subtilis and B pumilus contained scattered colonies of resistant 
staphylococci (Abraham, Callow and Gdliver, 1946) Plates seeded with 
staphylococci resistant to one culture filtrate were used for testing other culture 
filtrates, in the hope that the specificity of the resistant organisms would yield 
information of value m grouping these antibiotics 

. . . RESULTS 

Active strains 

The results are summarized m Table I 

In all, 165 strains of bacilli were tested, and of these, 61 strains belonged to 
the Bacillus subtilis group, comprising B subtilis, B pumilus and B Itcheni- 
formis All the strains of this group were active against one or more of the 
test organisms on one or both media, only one strain failing to secrete active 
substances into lemco agar and five into potato dextrose broth Strains of 
other species of bacilli were considerably less active, only about one-third shoving 
activity on the solid medi um , and only two strains, both of B cercu s secreting 
active substances into potato dextrose broth The species showing activity on 
lemco agar were B brevis, B alvei, B laferosporus, B circulars, B megatherium 
and B polymyxa 

The importance of pellicle formation 

The secretion of antibacterial substances into potato dextrose broth b\ strain 
of the B subtilis group was correlated with their ability to grow in ic orm 
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pellicle All the consistently active strains formed thick pellicles on potato 
dextrose broth and the five inactive strains failed to form any surface growth 
Five strams varied from tune to time both m their ability to form pellicles and to 
secrete antibacterial substances, and the two characteristics were closely con- 
nected Cultures of those strams which had formed than pellicles and secreted 
active substances were not appreciably more turbid when shaken than entirely 
submerged cultures of the same strain which were inactive 


Differentiation between the antibiotics produced 

Solid medium — It had been hoped that it would be possible to classify the 
antibiotics produced m agar into several groups by the differences m antibacterial 
range shown on the cross-streak plates Upon repetition of these tests, however, 
it was shown that for most strams the inhibition of Staph aureus and of the 
Gram-negative test orgamsms was erratic, and that the onty criteria sufficiently 
reliable for this purpose were the relative inhibition of the various strams of 
My co phlei, and the relative inhibition of C xerosis and the laboratory strain 
of Myco phlei The actual figures obtained with any strain varied from day to 
day, but the relative inh ibition of these test organisms was unchanged Zones 
of inhibition of greater width than 15 mm were rarely recorded 

Two mam groups were found 

Group 1 — The zone of inhibition of Myco phlei NOT C 1471 was greater 
than or equal to that of the laboratory strain, and the zone of inhibition of the 
1ST C T C 525 strain was appreciable The zone of inhibition of C xerosis was 
also equal to or greater than that of the laboratory strain of Myco phlei 

Group 2 — The zone of inhibition of Stram 1471 was less than that of the 
laboratory strain, the difference bemg more than 3 mm The inhibition of 
Strain 525 was slight, and that of C xerosis was less than that of the laboratory 
stram, the difference bemg agam more than 3 mm 

3Iost of the results fell into either of these tw r o groups, only a small number 
of intermediate types remaining 

Among the B subtilis group, all the strams of B hchemformis exhibited the 
Group 1 type of antibacterial range, and the strams of B subtilis and B pumilus 
in general gave the Group 2 results, a few showing either Group 1 or intermediate 
results The same two types of antibacterial range were found among the other 
species of bacilli, different strams of the same species sometimes showing different 
pictures 

Liquid medium — The results obtained with the substances secreted m potato 
dextrose broth are summarized m Table I Specific pomts are discussed m 
the follow mg paragraphs 

The active substance secreted into potato dextrose broth were of two mam 
types The first inhibited the growth of Staph aureus m the cylinder plate 
tests, and the second inhibited the growth of Myco phlei The two types of 
substances were secreted mdependently of each other in the same culture fluids 

The evidence for this distinction was as follows 

(1) The culture fluids of some strams which were usually active agamst both 
test orgamsms were occasionally active only agamst one of them 

(2) In some instances the peak activity agamst one test organism w r as 
attained before that against the other 
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Table I 


Antibacterial substances m culture fluid 


Unconcentrated substance active in 
cylinder-plate test against Staphylo 
coccus aureus 


Uneoncentrated substance active m 
cylinder plate test against Myco- 
bacterium phlei only 


BACILYSINS secreted 
by B subtihs and B 
pumilus 

Resistant staphylococci 
show cross-resistance 
within this group 


All inactivated by 
trypsin 


Possibly subdivided by 
relative activity in pre- 
sence of serum 


Substances secreted 
by B hchemformis 

Staphylococci resis- 
tant to bacilysins are 
still sensitive to these 
substances 



Inacti- Not 
vated by inacti 
trypsin vated by 
trypsin 


Secreted by B hchent- 
formis, and a few 
strains of B subtihs 

Antibacterial range 
on gutter plates 

Group 1 


Secreted by most 
strains of B subtihs 
and B pumilus 

Antibacterial range 
on gutter plates 

Group 2 


Both groups subdivided by 
relative activity in the presence 
of trypsin or of serum 


(3) The effect of incubation with trypsin upon the culture fluids of many 
strains was to remove all the inhibitory action agamst Staph aureus, while that 
against Myco phlei remained unchanged or was somewhat reduced 

Of the substances inhibitory agamst Staph aureus, those secreted by strains 
of B subtihs and B pumilus were provisionally called bacilysins, since they were 
apparently mdistmguishable from each other and from a substance secreted by 
a strain of B subtihs, NCTC 7197, to which this name had ongmally been 
given (Abraham, Ghlliver and Florey, 1947, unpublished) The bacilysins were 
inactivated by incubation with trypsin and were insoluble m organic solvents 
Staphylococci resistant to the bacilysm secreted by one strain of B subtihs w ere 
also resistant to those secreted by other strains They were, however, still 
sensitive to the substances active against Staph aureus winch were secreted by 
strains of B hchemformis The latter substances therefore appeared to be 
distinct from the bacilysins 

The substances active agamst Myco phlei in the cylinder plate tests appeared 
to be responsible for the Wo types of antibacterial range that occurred when 
culture fluids were tested by the gutter plate method This was shown by the 
fact that when the bacdysm content of culture fluids was destroyed by incubation 
■with trypsin, the inhibitions on gutter plates remained unchanged except for a 
reduction in the activity agamst Staph aureus Moreover the failure to dis- 
tinguish beWeen the bacilysins by the very sensitive method of tests with resistant 
staphylococci showed that these substances were unlikeh r to exhibit differences 
m antibacterial range 

The differentiation on the gutter plates between the substances nctne in 
cylinder plate tests against Myco phlei depended, as in the cross-streak plates 
npon the relative inhi bition by them of C xerosis and Myco phlei In Group 
the inhibition of C xerosis was greater than or equal to that of - y r/ -> p < et 
(laboratory strain), and m Group 2 the inhibition of Myco phlei wa* consider- 
ably greater than that of C xerosis, which frequently was not inhibited at all 
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The Group 1 picture was characteristic of the substances secreted by B hchem- 
forims, ■uhereas those secreted by B subtilis and B pumilus usually gave the 
Group 2 picture A few strains of B subtihs showed the Group 1 range There 
v ere no intermediate types of result 

The substances secreted by B cereits were inactive against Staph aureus 
when tested by the cylinder-plate method, but remained unclassified by the 
gutter plate method since they were apparently inactivated by gradocol filtration 
The activity in these culture fluids was increased, however, by mcubation with 
tivpsm, and tins distinguished them from the culture fluids of all other species 


Table II 


Species 

Number 

teBted 

Active 

in 

potato 
dextrose 
lirotli — - 

Activity on 
gutter plates 

Number of 
strains 

Group 

- — 

Activity on cross 
streak plates 

Number of strains 

Group 

Inactive 

i 

2 

-\ 

Inter 

mediate 


1 

2 

B subtihs 

3G 

35 

8 

27 

i 

24 

9 

1 

B hchevijonms 

18 

18 

18 

— 

17 

— 

1 

— 

B pumilus 

7 

3 

— 

3 

1 

1 

4 

1 

B cereits 

16 

2 

— 

— 

1 

7 

3 

6 

B brevis 

13 

— 

— 

— 

6 

— 

5 

3 

B laterosporus 

6 

— 

— 

— 

2 

1 

1 

1 

B ahci 

9 

— 

— 

— 

6 

1 

— 

2 

B circulans 

11 

— 

— 

— 

1 

2 

— 

8 

B megatherium 

13 

— 

— 

— 

— 

1 

— 

12 

B polymyxa 

2 

— 

— 

— 

— 

1 

— 

1 

B fusifortms 

10 

— 

— 

— 

— 

— 

— 

10 

B carotarum 

9 

— 

— 

— 

— 

— 

— 

9 

B mycoidcs 

8 

— 

— 

— 

— 

— 

— 

8 

B maccrans 

6 

— 

— 

— 

— 

— 

— 

6 

B coagulan8 

3 

— 

— 

— 

— 

— 

— 

3 

B finnut 

1 

— 

— 

— 

— 

— 

— 

1 


Selection of strains for further investigation 

The following strains were selected for further study 
B subtihs A 14 

B alvei Gibson strams 642, 949, 1067 
B laterosporus Gibson strams 1066, 1080 
B brevis N C T 0 5402, Gibson 442 
B circulans 1ST C T C 6351 
B poly my xa NCTC 4747 

The strain of B subtihs was selected on the grounds of its high activity m potato 
dextrose broth Although the zones of inhibition produced by the culture fluids 
of most strams of B subtihs rarely reached 30 mm in diameter, the culture fluid 
of tins slram contamed substances which caused zones of inhibition of 30-35 mm 
in diameter and 22-25 mm in diameter respectively on plates seeded with Myco 
phi ci and Staph aureus The activity against Myco plilei was only slightly 
reduced bv incubation either with trypsm or with serum The antibacterial 
substances secreted by this strain have been investigated in some detail (Newton, 
to be published) 

The other strams shov ed on cross streak plates appreciable inhibition of the 
Gram-negative bacteria m addition to a high activity agamst the Gram-positive 
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bacteria, and tests on blood agar showed that these effects were not due to the 
presence of hydrogen peroxide 

Investigations have been made of the substances secreted by one strain each 
of B laterosporus and B alvei (Barnes, 1949 , Gilhver, Holmes and Abraham, 
1949) 


DISCUSSION 

It is recognized that the restriction of the number of tests employed imposed 
certain limitations upon the survey The methods of assay, for example detected 
only those substances that were diffusible in agar, and it is also possible that 
different results would have been obtamed by mcubatmg cultures at several 
different temperatures and in several different media Lemco agar was a more 
successful choice than potato dextrose broth in the latter respect, since many of 
the bacilli other than the B subtilis group secreted active substances when 
grown on it It is unlikely, however, that any one liquid medium would have 
been useful for all the species, and the use of potato dextrose broth appeared to 
be [justified at least in the case of the B subtilis group The choice of test 
organisms might also be said to have been somewhat restricted Nevertheless 
it is thought likely that a fairly good idea of the antibacterial possibilities of the 
bacilli was obtamed 

It seems clear that the substances secreted on the same medium by all strams 
of B licheniformts were similar to each other m antibacterial range, and distinct 
from the corresponding substances secreted by most strams of B subtilis and B 
pumilus Further distinctions between these groups of substances appeared 
to necessitate "the use of methods outside the scope of this survey The occur- 
rence of intermediate types of result on cross streak plates, for example, suggested 
that there was a range of substances being secreted, those at the two extremes 
falling into the arbitrarily defined Groups I and 2 The groups themselves each 
consisted therefore of a collection of substances with a broadly similar anti- 
bacterial range, but not necessarily with any other property m common An 
experiment in which both primary streaks and test organisms were bacilli with 
the Group 1 antibacterial range demonstrated clear-cut differences of range 
within the group , but an extension of this experiment was unfortunately imprac- 
ticable 

The demonstration of the importance of pellicle formation m the production 
of antibiotics by the B subtilis group is of some interest One effect of the 
formation of a surface pellicle is that the improved aeration permits of an 
increased growth of the organism, and the secretion of detectable amounts of 
antibacterial substances under these conditions may be a direct consequence 
of this Observations made with submerged cultures of B subtilis strain A 14 
and with surface cultures of B alvei G 642 tend to support this view The 
secretion of antibacterial substances by these bacilli was increased or modified 
when growth was stimulated, either by more efficient aeration methods m the 
first mstance, or by the support of a surface growth of the latter organism bv 
mechanical means (Newton, unpublished , Gilhver et al , 1949) 

The phenomena exhibited by the five variable strains of B subtilis and B 
pumilus could not be explained in this manner Nor in the case of the strain 
of B alvei referred to above, was aeration and consequent mcrea c ed growth the 
decisive factor, since media were developed on which thick pellicles Mere formed 



220 


K GILLIVER 


but into winch no antibiotic was secreted In the former case the secretion of 
detectable amounts of antibiotics which followed the establishment of a surface 
growth seemed to result from an increased or modified metabolic activity of the 
cells already present, rather than from a continued activity of an increased 
number of cells In the case of B alvei, factors such as carbon and nitrogen 
sources, growth factor requirements, temperature and hydrogen non concentration 
were probably playing a part in limiting antibacterial activity 

The exact relationship between the substances demonstrated in this survey 
and those already described m the literature is not certain The group of sub- 
stances secreted m potato dextrose broth and inhibitory towards Myco phlei 
probably comprises many different types, those secreted by the two strains 
of B cereus presenting certain features of interest Of the strains selected as 
the result of the cross streak tests, the two so far mvestigated, B alvei and B 
laterosporus , have been t found to secrete in certain liquid media substances 
distinct from those already described (Gilhver et al , 1949 , Barnes, 1949) 
While it is by no means certain that these organisms secreted the same substances 
mto both the liquid medium and the solid medium, it would appear likely that 
an investigation of other strains selected by the cross-streak method would be 
worth while 


SUMMARY 

One hundred and sixty-five strains of aerobic spore-fornung bacilb were tested 
for their ability to secrete antibacterial substances mto lemco agar and mto 
potato dextrose broth All the strams of the B subtilis group were found to be 
active m one or both media Only one-third of the strams of other species showed 
any activity, and this was confined to lemco agar It was found possible to 
group the substances produced on the basis of their antibacterial ranges, and by - 
the effect of trypsin and serum upon them Certain strams have been selected 
for more detailed investigation 

I am indebted to Sir Howard Florey and to Dr E P Abraham for their 
interest and advice throughout tins work, and to Hr Gibson for Ins help with , 
the identification and taxonomy of the bacilli I am grateful also to Miss A M 
Holmes for help with many of the experiments, and to Miss E Page and Mr 
D Jackson for technical assistance To the Agricultural Research Council I 
offer my thanks for personal grants and for grants for materials and equipment 
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Habel’s discovery in 1945 that mumps virus can be cultivated m cluck 
embryos (Habel, 1945) lias made laboratory work with mumps possible on a 
larger scale It also makes serological diagnosis possible The serological 
diagnosis is of special interest m clinically doubtful cases and in patients with 
encephalitis of unknown etiology, a certain number of which are due to mumps 
virus (Kane and Enders, 1945) 

The purpose of this paper is to investigate the reliability of complement 
fixation and haem agglutination inhibition tests as diagnostic methods m mumps 

MATERIAL 

Sera were collected from 60 patients admitted for mumps m the hospital for 
infectious diseases in Stockholm All patients had mumps with classical 
symptoms In the material neither doubtful cases nor cases with encephalitis 
without symptoms from the salivary glands are included Sera were taken as 
early as possible during the illness and subsequently every tenth day 

The material is not representative of mumps in general It is selected 
according to the indications for hospitalization The rate of complications, 
especially encephalitis and orchitis, is higher than usual m mumps 

Sera from 51 adults, who had not had mumps during the last two years, Mere 
used as a control material 

The strain used was kindly supplied by Dr G Henle in Philadelphia In , 
this paper it is referred to as the A-stram This strain was used throughout for 
the experiments unless otherwise stated Eor cross-inhibition tests another 
three strains were used Twc of them, the WAL and STO strains, m ere foru arded 
by Miss Patricia Lind m Melbourne The third one, the V strain, u as isolated 
in this laboratory during an epidemic of mumps m ] 947— IS The sera Mere 
collected during the same epidemic 

The Y strain was isolated in the ammotic cavity Saliva was taken on the 
second day of illness, w'as mixed with 1500 units of penicillin and 1000 pg of 
streptomycin per ml and injected in an amount of 0 2 ml into the ammotic 
cavity The saliva had been kept at — 70° C for about a month before being 
tested The strain shoved agglutination of guinea -pig and chicken red ce/L 
fiom the first passage In spite of a gieat number of allantoic parage** it could 
not be adapted to the allantoic cawti 
16 
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METHODS 

Cultivation of vines 

The A strain was maintained through allantoic passages m eggs 7 days old, 
using infected allantoic fluid in a dilution of 10- 2 as inoculum The allantoic 
fluid Mas harvested after 6 days’ incubation of the eggs at 35° C Under these 
conditions the best yield of virus was obtamed The strain grew irregularly in 
the allantoic cavity, the logarithmic haemagglutmation titres ranging from not 
measurable to 3 0 1 and seldom higher Thus it was necessary to test the harvested 
fluid from each egg for the presence of virus 

Complement-fixation test 

To a senes of 0 2 ml twofold serum dilutions from 1/4 to 1/512 0 2 ml of 
antigen and 0 2 ml of complement were added The mixture was incubated in 
a waterbath at 37° C for 45 minutes After addition of 0 5 ml of sensitized 
sheep red cells the tubes were left in the waterbath for another 30 minutes and 
then placed m a cold room at 4° C overnight The test was read the following 
morning 

Anhgen - An infected allantoic fluid was used, which had been diluted 1 /2 
to 1/8 according to a preceding antigen titration agamst a standard serum 
It was kept frozen at — 16° C until used Merthiolate 1/10,000 was used as 
preservative 

Complement — Guinea-pig complement was titrated in the presence of the 
same amount of antigen as used in the test The amount of complement m the 
last tube with complete haemolysis was taken as a unit In the test 1 5 units 
were used The complement was stored at —16° C and discarded if more than 
one week old 

Sensitized sheep red cells — Red cells were washed three times and used m a 
dilution of 0 75 per cent Amboceptor was added to the red cell suspension m 
an amount coirespondmg to 4 units per tube The mixture of red cells and 
amboceptor was allowed to stand for 15 minutes before being used 

Serum — All sera were inactivated at 56° C for 30 minutes Sera fiom the 
same patient w ere titrated simultaneously with the same antigen and the same 
complement dilutions They were kept frozen at — 16° C 

Control s — (1) One tube containing all reagents except antigen (2) One 
tube m winch normal allantoic fluid was substituted for antigen (3) Control 
with negative seium ( 1) Contiol with positive serum 

The titres are expressed throughout as the negative log of the initial serum 
dilution that is the serum dilution before antigen, complement and sheep red 
cells ha\e been added The calculated 50 per cent haemolysis limit was taken 
as endpoint of the complement-fixmg capacity 

The agglutination titres of the virus suspensions were determined according 
to Salk (1044) 

Ilaona'jglut’nut’on inhibition test 

Salks modification of Hirsts technique was used throughout (Salk, 1944) 
The sera weie thus diluted m 0 5 ml of 0 25 pei cent clucken red cell suspension 
and titiated with the same amount of a virus suspension containing 4 units of 
wrus, the amount of virus causing a ± reaction m haemagglutmation titration 
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taken as a unit The tubes were left at room temperature for H hours and then 
placed at 4° C overnight The test was read the following monung by observing 
the bottom patterns 

In 1 948 Hirst reported that the normal inhibitor of serum could be destroyed 
by treatment of the serum with sodium periodate This report indicated a 
way to investigate whether the lack of correlation between haemagglutmation 
inhibition and complement-fixation titres (see below) might depend upon the 
disturbing effect of the normal inhibitor In investigating this possibility, 
treatment with periodate was performed m the following way 0 2 mi of serum 
was mixed with 0 2 ml of 0 05 m NaI0 4 and was allowed to stand for 2 hours 
The excess of periodate was then neutralized by the addition of 0 8 ml of 5 per 
cent glucose 

Each serum was titrated simultaneously with and without treatment with 
periodate 

Sera from the same patient were titrated at the same time They were 
mactivated at 56° C for 30 minutes 

The titres assigned to the sera are expressed as the negative log of the final 
serum dilution after addition of all reagents The tube with a i reaction, or 
if there were more than one, the first one of them, was taken as endpoint of the 
inhibiting capacity If there was no tube with ± reaction the endpoint was 
calculated through interpolation between the last tube with no agglutination 
and the first tube with total agglutination 

The reading was sometimes considerably hampered by the fact that the 
hunt between agglutination and inhibition was not sharp enough The end- 
point of some sera was repeatedly so diffuse that no satisfactory titre could be 
determined and the serum had to be excluded from the investigation 

EXPERIMENTAL 

Reproducibility of complement-fixation, haemagglutmation and haemagglutmation 
inhibition titres 

In order to assess the reproducibility of the titres a number of titrations with 
each of the methods were carried out In the haemagglutmation inhibition and 
complement-fixation titrations a known positive serum with a high complement- 
fixation and inhibition titre was used Each method was tested m the course 
of one day and with the same dilutions of the participating reagents throughout 
the experiment 

Complement-fixation test —The greatest difference between tw r o titres of a 
total of 50 was 0 24 The standard deviation (a) was 0 056, the standard devia- 
tion of a 0 0056 and thus 3\/2~<j = 0 24 Accordingly a difference corresponding 
to one tube, that is 0 30, may be considered significant 

The result is presented m Table I 

Haemagglutmation titration — The precision of haemagglutmation titres was 
studied by 59 haemagglutmation titrations of the same virus suspension The 
standard deviation was found to be 0 11 the standard deviation of cr 0 0101 and 
3y/2 a 0 47 (Table I) The greatest difference between two titres was 0 

Haemagglutmation inhibition lest — 40 titrations of the same '-erum wire 
earned out The greatest difference betu'een two titres wa« 0 45 and all except 
1G§ 
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tAto laj T Atithm the range 3 16 and 3 46 The standard deviation was 0 120, the 
standard deviation of crO 0134 and 3-\/2 ct = 0 51 With the same level of 
significance as for the complement-fixation test a difference corresponding to 
2 tubes, that is 0 60, may be considered significant The result is presented in 
Table I 


Table I — Deviations and Standard Deviation of Complement-fixation, 
Haemagglutmation and Haemagglutination Inhibition Test 

Standard 



Kumbcr of 

Mean of 

Doviation from mean 

Standard 

deviation of 


Complement 

titrations 

titres 

r 

Greatest 

\ 

Least. 

deviation 

a 

'Ur) 

3^2 o 

fixation test 
Haemagglutmation 

50 

1 71 

0 14 

0 01 

0 056 

0 0056 

0 24 

test 

Haemagglutmation 

69 

2 57 

0 22 

0 01 

0 11 

0 0101 

0 47 

inhibition test 

40 

3 31 

0 30 

0 15 

0 120 

0 0134 

0 51 


If haemagglutmation inhibition titres are determined at different times 
there are two more variable factors introduced into the test, namely, different 
virus and different red cell suspensions 

The effect of variation of the amount of virus was studied by titration of a 
IcnoAvn positive serum with a high inhibition titre with 4-612 units of virus 
The result is presented in Fig 1 

It is evident that there exists a linear relationship between log amount of 
virus and log inhibition titre A fourfold increase of the amount of virus 
corresponds to a twofold decrease of serum titre The inhibition titres are thus 
influenced by variation of the amount of virus to a comparatively shght extent 
A similar relation between the amount of influenza virus and the corresponding 
mouse neutralization titre was earlier found by Horsfall (1939) 

The haemagglutmation titres may differ by 0 47 (see above) when the titra- 
tions are made on the same day and with the same dilutions of the reagents 
Tins variation of the virus concentrations of the dilutions used for antibody 
titrations may cause a difference of 0 24 of inhibition titres, thus increasing 
the variations of inhibition titres to 0 75 A still greater difference of inhibition 
titres, 0 90, vas found m duplicate titrations of 26 sera on different occasions 
This difference nnght be explained by the use of different red cell suspensions 
In lm estigatmg the effect of variation of red cell suspensions it was found 
that titrations with red cells from different hens gave surprisingly great differences 
of titres Differences of 1 5 and 1 8 were not uncommon This is m agreement 
Autli the report of Anderson, Burnet and Stone (1946) that non-specific inhibitory 
titres shoAAed a great variation A\lien they were determined Avith red cells from 
different finds, as veil as Svedmyr’s finding that titration of the inhibiting effect 
of normal allantoic fluid gaA'e different results when red cells from different fowls 
a\ ere used (Sa edruyr, personal communication) 

The greatest variation of the means of the haemagglutmation inhibition 
titres of 22 sera, tested Avith 4 different kin ds of red cells, Atas 1 05 (Table II) 
Eight aa ere acute phase and 14 convalescent sera There was no certain difference 
betAA cen acute phase and convalescent sera concerning the influence of different 
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red cells on the inhibition litres (Table II) The maximal difference of titre 
values of ihc same scrum among these 22 sera was 2 10 (7 tubes) 


Tvulk II — Means of Hacmagqlnt motion Inhibition Tttrcs of Acute Phase and 
Com alcsccni Seta not Treated unth Periodate and Titrated with Red Cells 
front 4 Fouls 

1 owl number 


\culr phase porn (8) 

r 

1 

1 94 

n 

2 00 


3 

2 95 

4 

2 80 

Com nloscont sera (14) 

2 00 

2 10 


2 95 

3 n 

Total (22) 

1 95 

2 07 


2 90 

3 00 


After treatment with periodate, 14 sera, 0 of which were convalescent and the 
others acute phase sera, were titrated wuth red cells from 4 fowls The greatest 
difference of titre of the same serum was 1 50 (5 tubes) The mean of the titres, 



Fio 1 — Correlation between haemagglutmation inhibition titro of serum and 

urns concentration 
y Serum no 175, no poriodato 

n u 180 , ,, ,, 

O n ii 181, poriodato 


determined wuth red cells from the same fowl, w r as calculated These calculated 
means varied from 1 59 to 2 17 (Table III) The corresponding figures for acute 
phase and convalescent sera were respectively 1 41 to 1 95 and 1 84 to 2 43 
(Table III) Thus the variations of the titres of convalescent and acute phase 
sera were of about the same magnitude 


Table III — Means of Haemagglutmation Inhibition Titres of Acute Phase and 
Convalescent Sera, Treated with Periodate and Titrated with Red Cells from 
Different Fowls 

Fowl number 


t 

1 

1 41 
1 84 
1 70 


2 3 4 

1 38 1 96 1 87 

1 82 2 43 2 34 

1 69 2 14 2 17 


Acute phase sera (6) 
Convalescent sera (9) 
Total (14) 
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In general the differences were smaller when the sera were treated with 
periodate before being titrated Nevertheless, they were great enough to cause 
misinterpretations, if titres determined at different times were compared, and 
they were easily demonstrable both m acute phase and m convalescent sera 

Each virus suspension which was used for antibody titrations was titrated 
with the 4 different kinds of red cells, used for inhibition titrations The varia- 
tions lay within the distribution of haemaggiutmation titres, calculated above 

Conti ol material 

Complement-fixation test — None of the 61 sera contained enough antibodies to 
cause complete fixation in a dilution of 1 4 Six of them showed partial fixation 
The remaining 46 sera showed no complement-fixing capacity under the conditions 
of the experiment 

Haemaggiutmation inhibition test — The control sera inhibited m fairly high 
dilution the haemaggiutmation by mumps virus As seen from Table IV, 32 of 
a total of 51 had an inhibition titre of 2 71 or more 

Table IV — Haemaggiutmation Inhibition Titres of Control Sera 
not Treated with Periodate 

, Number of cases 

f A — » 

0 1 0 10 1 25 1 7 0 

Titro m log uiuts <1 81 1 81 2 11 2 41 2 66 2 71 2 80 3 01 >3 01 

Treatment of the sera with periodate strongly reduced the mlnbition titres 
No titre exceeded 2 2S , 10 sera had a titre of 1 68 or more and 30 titres were 
lover than 1 38 (Table V) 

Table V — Haemaggiutmation Inhibition Titres of Control Sera 

Treated with Periodate 

Number of cases 

( * \ 

30 73012.1 0 

Titro in log units <1 38 1 38 1 63 1 68 1 83 1 98 2 28 >2 28 

Thus the control material showed a divergence between complement-fixation 
and inhibition titres v hich — as will be seen later — exists also between complement- 
fixation and mlubition titres of convalescent sera 

Comparatne titrations of acute phase and convalescent sera 

The material consisted of 60 patients with clinical symptoms of mumps In 
some of the cases sera w ere not obtainable early enough in the acute stage or late 
enough during convalescence They are, nevertheless, presented m the table 

For ever}' serum three titre values are presented, -viz complement-fixation 
titre and haemaggiutmation inhibition titre, determined with and without 
periodate 

Complement-fixation — A significant rise of complement-fixing antibodies 
occurred m 47 patients (Table VI) In ko cases no antibodies could be 
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demonstrated with the technique used, although sera were available up to two 
months after the onset of illness In the lemnramg 11 eases a sufficient 
number of blood specimens could not be obtained A patient was not considered 
as negative, unless negatne specimens Mere obtainable during acute stage and 
subsequently up to -10 days after the onset of illness 

Ilannaqqhitnuition inhibition lest — Titration of seianot treated uith periodate 
revealed a significant rise of antibodies m only 11 cases After treatment of the 
sci a nith periodate a significant use could be demonstrated m 27 patients (Table 

VI) 

Summing up the insults, SO pci cent of the cases could be diagnosed Math 
the aid of complement-fixation tccluuque, nnd IS per cent Math the haemag- 
glutmation inhibition test Tieatmcnt of the sera uith periodate augmented the 
rate of positne cases m inhibition titrations to 45 per cent (Table VI) 

The aboAC data provide no absolute values of the reliability of the three 
serological methods, as m some cases a sufficient number of blood specimens u r as 
not obtainable Hon ever, they may be used for comparison of the reliability 
of the methods 


Table VI — Filiations of Sera From GO il Jumps Paticnt-s 


( otiitiloiru'nl 
(I'tntlon 


IfncjnricahitlnMlon 
Inhibition test 


Hncninrolullnntlon 
inhibition test 
I’erlodntc 


Number of po^itn e rn'-os 17 11 

l’cr cent pout i\o enoes SO 18 


27 

45 


If only those cases are considered m uhich a significant rise of antibodies 
could be demonstrated uith one of t he tests, a comparison betueen the three 
methods gives the follouing result Complement-fixation test 94 per cent 
positne cases, liacmngglutmation inhibition test 2G per cent, and liaemagglu- 
tination inhibition test, after treatment of the sera uith periodate, 57 per cent 
This result indicates a great divergence betueen complement-fixation and 
lnlubition titres of the u hole material 
It is illustrated in Fig 2 and 3 

Fig 2 illustrates the differences of the use of the titres In this figure the 
mean of the mdnidual increase of the lcsjiective titres, from the acute phase to 
10 to 20, and 20 to 30 days after onset of illness, is reproduced It can be seen 
that the average increase of liaemagglutmation mlubition titles u r as about 0 60 
(2 tubes), Allien the titres u r cre determined aftei treatment of the sera with 
periodate, but only 0 30 (1 tube) Avhen they Avere determined Avithout treatment 
Avath periodate The average rise of complement-fixation titres avbs 1 6 (5 tubes) 
From Fig 3, m which the number of cases is plotted against the rise of titres, 
it is eAadent that the treatment AVith periodate brings about a closer correlation 
between complement -fixation and liaemagglutmation mlubition titres On the 
other hand, it is also eAadent that the treatment AVith periodate does not make 
the divergence between the two methods disappear 

In may cases there was a significant rise of complement -fixation titre, but no 
rise of the inhibition titre Two cases showed a significant rise of haemagglu- 
tination inhibition, but no rise of complement-fixation titre and in many cases 
the rise of the respective titres did not appear simultaneously 
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Cross-inhibition titrations with 4 different strains 

Tiie lack of correlation between clinical findings and the haemagglutmation 
inhibition titres might be explained by differences between the strain used for 
titrations and the strain which caused the actual outbreak of mumps, especially 


-S 1 80 

Id 1 50 

•2 1 20 

|o 90 

^ 0 60 

o0 30 


10~20 days 20~30days 
after onset of illness 

Fig 2 — Average increase m log units of complement fixation and haemagglutmation 

titres in 60 mumps patients 
■ Haemagglutmation inhibition test 
□ Complement fixation test 

== Haemagglutmation inhibition test Penodate 




1 



0 03 0-609 1 2 15 1 8 0 0 3 0 6 0 9 12 15 1 8 

Rise of titre — *- 

Fig 3 — Distribution of the observed maxi m al increase of complement fixation and haemag- 
glutinntion inhibition titres Material comprises 39 patients observed 10-20 days, and 20 
patients observed 20-30 dajs after onset of illness 
I Complement fixation test 
H Haemagglutmation inhibition test 
HI Haemagglutmation inhibition test Periodate 
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ns the strain used tlnoughout this investigation was isolated m the US A ; and 
the sera vcrc collected fxoin patients Jiving m Sweden Considering this possi- 
bility a number of cross-mlubition tests vitli 4 different strains were carried out 
Onlv the A strain being adapted to the allantoic cavitj^, all the titrations used 
for comparison of different strains v ere performed with infected ammotio fluid 

Eighteen com nlcsccnt sera v ere titrated The diffeience of the titres of these 
sera did not exceed 0 00 if they Mere not treated with periodate , tlus is within 
the normal \ ariation of titres determined v, ith different virus suspensions None 
of the strains shoved any tendency tovards constantly higher or lower titres 
than the others 

Titration of the same sera after tieatment with periodate gave a somewhat 
different result Tv eh e of I S sera ga\ c lou er titres with the A strain than with 
the others (Table VII) Whether this is realty due to strain differences is not 
possible to decide 


Tahle VII — Cross-inhibition Test with 4 Strains against Human 
Coniahsccnt Sera, Trcaf-cd with Periodate 

\ Inia strain 

Scrum 

f 

A 

1 

V A I, 

STO 

I 

1 38 

1 38 

1 38 

1 38 

o 

2 5S 

2 58 

2 58 

2 58 


1 38 

2 89 

2 58 

2 58 

4 

2 2S 

3 10 

2 89 

2 89 

r, 

1 98 

3 19 

2 89 

2 89 

0 

1 08 

1 98 

1 98 

1 98 

7 

1 08 

2 58 

2 58 

2 68 

S 

2 58 

2 58 

2 28 

2 28 

9 

2 58 

3 19 

3 19 

2 89 

10 

2 89 

2 2S 

2 58 « 

2 28 

11 

2 28 

2 58 

2 58 / 

2 58 

12 

3 49 

3 10 

2 58 

3 19 

13 

1 OS 

1 08 

1 08 

1 08 

14 

1 98 

3 19 

3 49 

2 89 

15 

1 38 

2 28 

2 58 

1 08 

10 

1 38 

2 58 

2 58 

1 98 

17 

2 58 

3 19 

2 89 

3 19 

18 

1 08 

2 89 

2 58 

2 28 


Titration with homologous strain. 

Titration of a number of sera against the V strain, which was isolated from a 
patient out of the outbreak of mumps, during which the sera were collected, 
showed the same divergence between complement-fixation and haemagglutination 
inhibition titres Of 19 patients, 1 showed a rise of inhibition titre of 0 90, and 
6 a rise of 0 GO Treatment of the sera with periodate revealed a significant rise 
of inhibition titres m 3 patients In all except 1, complement -fixmg antibodies 
could be demonstrated m significant amounts 


DISCUSSION 

On account of the liigli haemagglutination inhibition titre values of the control 
material it is evident that no conclusions as to infection with mumps virus can 
be drawn from a single haemagglutination inhibition titre The control material 
is too limited to allow any conclusions whether the diagnosis can be established 
with the aid of a single complement-fixation titre 
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The haemagglutmation inhibition reaction is extensively used, both for 
experimental and practical purposes, especially m work with influenza virus 
In spite of this fact, the experience and the knowledge of the reaction is still too 
limited to allow a definite judgment about its specificity and its value 

The data presented indicate that the haemagglutmation inhibition reaction 
has a very limited value m serological work with mumps, both m its original and 
m its modified form Evidently, it failed to reflect the actual antibody content 
of the sera m the material presented 

The great differences of haemagglutmation inhibition titres which are deter- 
mined with red cells from different fowls, emphasize the fact that inhibition 
titres should not be compared unless they are dete rmin ed with the same red cell 
suspension The causes of these great variations are still obscure They 
do not occur only m titrations of “ normal ” sera, but also m sera con- 
taining specific inhi biting antibodies, and they do not disappear after 
treatment of the serum with periodate If Hirst’s hypothesis, that sodium 
periodate destroys the normal inhibitor of serum, is correct, the differences of 
titres should, thus not at least entirely, be depending upon variations of the 
action of the normal inhibitor The factor responsible for the differences is 
jirobably to be found in the serum, not in the virus or red cells, as the haemag- 
glutination by mumps virus was not influenced by different red cells A possible 
explanation of the phenomenon is that the sera contamed two or more inhibiting 
factors, one of which was destroyed by periodate 

The divergence between the complement-fixation and the haemagglutmation 
uilubition titres could possibly be explamed by the hypothesis that the sera tested 
contam antibodies which do not fix complement However the lack of corre- 
lation between clinical findings and inhibition titres seems to exclude such a 
possibhty 

It is not very likely that stram differences are responsible for the dmergence 
of the titres Comparative titrations with 4 different strains did not indicate 
anv certain stram differences, and titrations of some of the sera with the virus 
stram causing the actual outbreak of the disease did not alter the results 

Reports of experiences with the haemagglutmation inhibition test m mumps 
are still very scarce, and there is no investigation (on mumps) with which the results 
could be compared However, Hoyle and Fa irbr other, m 1947, reported that the 
complement-fixation test gave more clear cut results, and Ingher mcidence of posi- 
tive reactions m influenza, than the haemagglutmation inhibition reaction Stuart- 
Harns and Hiller (1947) interpreted some peculiar and contradicting results with 
t he inhibition test m influenza as dependmg upon the fact that the strains were 
new h isolated It is possible that the inhibition reaction works better m 
titrations with influenza virus In any case, as far as mumps is concerned, the 
reaction needs further investigation as to its specificity before it can be applied for 
practical serological work 

The complement fixation reaction yielded results which agreed with the 
clinical findings m all except two cases Tins is m agreement with other reports 
of the ted in mumps (Enders, Cohen and Kane, 1945) 

summary 

In a material consisting of 60 mumps patients the complement-fixation test 
yielded results in agreement with cluneal findings in all except two cases 
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III in mumps patients a significant use of antibodies could be demonstrated 
in 94 per cent mill the md of complement-fixation teclmique, m 26 per cent with 
haemngglutination inhibition test, and in 57 pei cent with haemagglutination 
inhibition test after treatment of the sera mill periodate Haemagglutination 
inhibition titrations of the same serum with red cells from different hens gave 
a auctions of the logaiithmic titles up to 2 10 (7 tubes) 

Cross-inhibition tests mth 4 strains, one of which was isolated during the 
actual outbreak of the disease, did not reveal any certain strain differences 
If is concluded that the haemagglutination inhibition test failed to reflect the 
actual antibody content of the sera of the material presented 
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The fundamental importance of the liver m protein metabolism has been 
firmU established by the expen mental studies of Marni and his collaborators 
(Bollman and Mann, 1936), coupled with extensive studies of Myers and Keefer 
(1935), and Tumen and Bocklius (1937) on the circulating protems m patients 
suffering from long standing damage to the liver parenchyma 

In 1929, Abrami and Wallich m France, and Salvesen m Scandinavia, using 
the salting out techniques then available, demonstrated the marked alteration 
in the ratio of albumin to globulin m the circulating protems of patients, associated 
with chrome liver damage In the years that followed, their principal findings 
were confirmed by other workers 

The utilization of the improved technique for electrophoresis, introduced by 
Tisekus (1939), offered a convenient means of making a more exact study of the 
changes m the circulating protein pattern associated with chrome progressive 
liver damage Leutscher (1940) reported isolated analyses on two cases and 
followed this (1941) by smgle analyses of two additional cases Further analyses 
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were published by Gray and Barron in 1943, and by Thom, Armstrong and 
Davenport m 1946 

Incidental analyses of sera from patients suffering from chrome liver damage 
are recorded by Rabat, Hanger, Moore and Landow (1943) m a study of the 
cephahn flocculation test, and by Malmross and Blox (1946) m a study of the 
erythrocyte sedimentation rate 

CLINICAL MATERIAL 

An examination of available data suggested that it would be useful to 
investigate sera from patients suffering from chrome progressive liver damage 
m whom there was no other primary condition likely to effect the analysis For 
this reason, cases of carcinoma of the bile ducts, carcmoma of the liver, haema- 
chromatosis, and other primary conditions with which degenerative changes 
of the liver may be associated, were excluded All patients have been followed 
for at least two years or until death Diagnoses have been substantiated m 
five instances by complete autopsy and m two by laparotomy Not less than 
two analyses have been carried out m every case Certain ancillary biochemical 
investigations performed simultaneously are listed m Table I Patients were 
afebnie when serum was collected for analysis 

METHODS 

Blood was drawn from patients while fastmg and the serum dialyzed for 
72 hours against three changes of phosphate buffer of lomc strength 0 2 and 
pH 8 0 The analyses were earned out m the Tisehus apparatus at 0 8° C 
The concentration of protein m the solution actually submitted to electrophoresis 
nas adjusted to 2 0 per cent ±02 per cent in all analyses 

Cholesterol estimations were carried out by a modification of the method of 
Sclioenlieimer and Sperry (1934) 

Normal levels by the method used talhed closely with the careful analyses 
carried out by Gardner and Gainsborough (1930) The thymol turbidity tests 
v ere carried out by the technique of Maclagan (1944a) Alkaline phosphatase 
levels are given m King units, the technique followed bemg that of King and 
Armstrong (1934) The bilirubin levels were estimated by the method of King, 
Haselvood and DeLoiy (1937) 


RESULTS 

The results are shown m Table I Of the observed patients, No 2, 5 and 9 
gave histones of attacks of infective hepatitis 4 years, 3 years and 6 years 
pre\ lously, others m the series gave equivocal accounts of ill health which might 
have been attacks of infective hepatitis It was considered wiser to disregard 
these Total protem levels vary from 4 0 to 8 5 g per 100 ml serum , analyses 
2b and 6 b, both obtamed on the day of death, show totals of 4 0 and 7 6 g per 
100 ml senirn respectively It is evident that the total protem levels may 
bear little relation to the seventy of the disease In every case there was a 
gross decrease in albumin level but it was noticeable that the degree of ascites 
and general oedema did not correspond regularly with the alb umin level Thus, 
in spite of an albu min level falling to 2 0 g per 100 ml , Case 9 showed no ascites 
nor was oedema demonstrable even when the patient was ambulant Only 
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Table I 


Xo 

Sex 

Arc 

Total 
protein 
p /100 ml 

Ulmmln 
r / 100 ml 




f.lobulln p 

O' 

/O 


Bilirubin 





/? 

y 

mg % 

1 

Mnlo 

55 

7 9 

2 G 

0 

0 


0 7 

1 2 

2 8 

4 0 




7 7 

2 7 

0 

4 


0 7 

I I 

2 8 

3 0 

O 

tt 

4G 

4 8 

1 G 

0 

45 


0 4 

0 9 
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1 4 

0 
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0 9 
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42 

7 0 
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1 2 

2 6 

1 5 
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90 
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G5 

4 7 

1 8 


0 

35 


0 9 

1 6 

1 0 
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1 9 


0 
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0 7 

1 8 

1 6 
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G4 

8 2 

2 0 

0 
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0 3 

0 8 

4 8 

2 0 
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2 0 
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0 25 

1 1 

4 3 

0 9 
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7 0 

4 0 
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0 4 

0 7 

0 7 
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-4 5 
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5 
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All>nllnc 

Tlios 

plntasc 

units 

Total 

Approximate Duration 

Ascites 

Xo 

turbl<llt\ 

units 

Cbolo«tcrol 
mp /100 ml 

from oriplnal dlapnosis 

1 

8 


2 1 cars 

0 





2 joars and 1 month 

0 

2 

8 


190 

2 > ears 

+ 


8 



2 joarR and 14 dajs 

+ 




200 

(Died day of second analysis) 


3 



3 joars 

+ 


8 

8 



3 jears and 2 months 
(Died 3 months later) 

+ 

4 

20 


2 years 

slight oedema 


10 

24 

170 

2 years G 170613 

slight oedema 

5 

14 

8 

180 

1 year 

+ + 

0 

14 

9 

G 


1 year and 2 months 
(Died 3 weeks later) 

+ + 

10 

190 

1 year 

+ 


10 



1 year and 7 days 

+ 


12 



(Died day of second analysis) 


7 

1G 


1 yoar and 10 months 

0 


8 

11 

170 

2 years 

0 

8 

8 

12 

155 

Probably at least 5 years 

+ + 


8 


105 

2 months later 

+ + 

9 

14 

G 

170 

1 year and 6 months 

0 


10 

9 

180 

1 year and 7 months 

0 

Normal 0 

1 

150 




f 

—12 

—220 




The total protein concentration is calculated from Kjeldahl estimation. The albumin and globubn 
concentrations are calculated from electrophoretic analysis The low values for a - and p gioDuims 
justify this procedure 
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two analyses out of 18 showed p -globulin concentrations above the normal 
limits though m each case the total cholesterol m the serum was normal For 
simplicity the a-globulins have been considered together In 18 analyses, 
a-globulin was above normal hunts m two, and below normal limits m 8, of 
the remaining eight, five fell below the mean of normal 

The circulating bilirubin levels were for the most part above normal levels 
though not of the degree usually associated with obstruction The thymol 
turpidity levels were well above normal m every case They showed little 
tendency to fluctuation, nor did their relative levels bear close relation to the 
patients’ general condition Thus Patient 9 with a thymol turbidity of 16 units 
was anxious to return home, while Patient 2 died with a thymol level of 8 units 
In those patients m whom observations on the level of alkaline phosphatase 
m the serum were earned out no gross increases were observed The highest 
recorded was 24 m Patient 4 Maclagan (19446) records that 6 out of 14 cases 
of cirrhosis studied by him had alkaline phosphatase levels between 14 and 24 
The levels of serum cholesterol were all within normal limits 

Discussion 

The precautions taken m selectmg cases for study m the senes have already 
been stiessed Previous workers have included m their studies patients suffering 
from carcinoma of the bile duct, cholelithiasis with stone in the common duct, 
and xanthomatosis 

J 'The lack of correlation between the total protein levels and clinical seventy 
has already been stressed, as has the lack of correlation between the levels of 
circulatmg albumin and the extent of fluid accumulation The total circulating 
albumin was decreased m every analysis and is presumably the consequence 
of the failure of the damaged liver parenchyma to elaborate albumin 

The work of Blix m 1941 indicated that a considerable proportion of the 
lipid matenal circulatmg was earned by the fB-globulin fraction Blix, Tisehus 
and Svensson m 1941 showed further that this and the a -globulin fraction of the 
circulatmg proteins were especially nch m cholesterol and alhed conjugate 
structiues Pathological states m which an increase of circulatmg sterols is 
known to occur might be expected to show an mcrease m these fractions, when 
the method used for the protein analysis is dependent, m part, on detection of 
refractive changes m the serum Moreover, Gardner and Gamsborough (1930) 
have shown that increases m cholesterol may be expected in cases with obstruction 
to the outflow of bile 

Patients, therefore, m whom there was cluneal or laboratory evidence of 
gross obstruction have been excluded from this senes As a further precaution, 
■where possible, direct analyses have been made of the total cholesterol content 
of sera actually analysed All these analyses fell wit hin normal limits Out 
of the IS analyses only two showed an mcrease m [3 -globulin beyond normal 
hunts This suggests that while p -globulin increases may occur they are not the 
lule in established uncomplicated cases 

Longsv orth, Shedlovsky and Maclnnes (1939) have shown that in pyrexial 
patients an increase in the cnculatmg a -globulins may be observed "In the 
present series special care was taken to collect matenal from afebnle patients 
and, m only two analyses was the sum of the globulins above normal limits Of 
the remaining 16, 12 fell below the mean of normal levels for the a-globulms 
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In contradistinction there was an absolute and persistant increase m the 
circulating y-globulm, persisting up to death It has been asserted, frequently, 
that the increase m globulin is compensatory m nature In the present senes 
there is nothing to support this assertion Thus y-globuhns of the order of 
4 7 g pci 100 ml have been obsoivcd within a few hours of death, as well as 
m patients relatively veil compensated Equally, levels of 1 3 and 1 6 g per 
100 ml have been observed at the day of death and months before death 

There is an accumulating body of evidence to indicate that y-globuhns m 
the healthy and the diseased are elaborated m the lymphoid and reticulo- 
endothelial tissues (Enders, J E , 1044 , Dougheity, T F , Chase, J H , and 
White, A , 1044 , and Martin, N H , 1047) However, autopsies on patients 
dying from chrome liver failuie, unlike those in acute infective hepatitis, do not 



( 2 ) 




( 4 ) 

Fio 1 — Elcdrophorotie Annhpiq Patient No G Arrows indicates tho direction of migration 

(1) Defending Limb I hour 

(2) Descending Limb 2 bourn 

(3) Descending Iamb 3 hours 

(4) Ascending Limb 3 hours 

show widespread hyperplasia of the lymphoid tissue noi of reticulo-endothehal 
system Tlierefoie the high levels of circulating y-globuhn observed m all these 
cases would seem to indicate a failure to dispose of, or modify, y-globuhn m the 
normal way The fact that the liver is the primary site of failure in these cases 
suggests the possibility that it plays a part m the removal of y-globuhn m health 
This need not imply that it does more than alter the net charge by conjugation 
or other means so that it can no longer be identified as a y-globuhn Nevertheless, 
such a modification could be of considerable biological significance 

The peculiar behaviour of the y-globuhn m the analysis of Patient 6 deserves 
special note Three hours from the start of the electrophoretic run, spontaneous 
precipitation was observed, localized m a well-defined band in the descending 
limb of the U-tube only (Fig 1) All analyses were earned out at a protein - 
concentration of 2 per cent , further concentrations of y-globuhn observed over 
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the senes embrace that m which precipitation was observed There was no 
sign of precipitation m the ascending limb In the ascending limb of the U-tube 
the *j -glob ulin concentration is migrating m the presence of the other serum 
proteins, whereas m the descending limb the y-globulin concentration is migrating 
in the presence of the buffer ions only This would suggest that the associated 
circulating proteins have a stabilizing effect on globulins m solution 

SUMMARY 

(1) Serial electrophoretic analyses are presented from nine patients suffering 
from chrome progressive liver failure In all cases there was a gross mcrease 
m the y-globulin fraction and a marked decrease in the albumin fraction 
Spontaneous precipitation of y-globulin was noted m one patient 

(2) The (3-globulm fraction in the majority of the analyses was normal or 
below normal limits 

(3) The y-globuhn fraction m the majority of analyses was below the mean of 
normal levels 

(4) Ancillary biochemical investigations earned out at the same time as the 
analyses are listed 

My thanks are due to the biophysics department of the Lister Institute for 
the facilities they have placed at my disposal 
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SURVEY OF PAPERS 

Albert, Rubbo am) Margaret I Burvill ha\ o oxammed 80 hoterooychc bases, having flat 
rigid molecules, for antibacterial activity As with acridines, antibacterial activity is dependent on 
a high degree of ionization, and on the nioleculo having a minimal flat area Highly-ionized members 
of somo scries v, Inch ha\ e less than tho minimum flat area acquire activity \\ hen a sufficiently large 
co planar nrca is built on to tho molecule (p 150) 

Asreshoa, Frifda Strelitz and En7ARFni A Hall have found tvo antibiotic substances, 
produced bi an Aspergillus sp , which arc acti\e against cortam bactonoplmges They describe 
experiments w Inch mdicalo that tho antiphage substances mterfero with the multiphcation or 
formation of tho phngo corpuscles msido bacteria (p 175) 

Fishfr, continuing Ins studies on tho inhibition of pertussis hncmagglutinin by the acetone 
soluble lipoids of orytlirocj tes, finds that the mhibitorv pou or is due to a sterol, probably cholesterol 
In saline suspensions the sterol fraction must be accompanied by tho saponifiable fraction of the 
lipoids, m order to exhibit its inhibitor!’ pouer to tho full In model exponmonts tho erythrocyte 
sterols nm be replaced bj cholesterol, and the saponifiable lipoids by lecithin or oleio acid (p 185) 

Waix weight ae d Pollock find that the nitmtaso preformed m bactona that have been adapted 
to growth m the preseneo of nitrate remains unmodified during growth in a nitrate free medium so 
that the enzjmc activity per bacterial cell gradually falls to its normal pro adaptive level (p 190) 

Grubb and Morgan find that there is a closo association betueen tho “ Lewis ” blood group 
character Lc(a -f ) and mabilitj to secrete A-, B and H substances Le n - and Le b -substances are 
present m secretions of persons of tho appropriate genotype and shou tho same general physical and 
chemical characters of the A-, B and li-substanees (p 198) 

Gillivfr, Holmes and Abraiia'M desenbo an antibiotic substance, alvom, v hich is a strongly 
basic polypeptide produced bj n strain of B ah ci, and is highly nctivo agamst Gram-positive baotena 
and less actno against Gram-negative bacteria (p 209) 

Gillivt.r has tested 105 strains of aerobic spore bearing bacilli for their ability to secrete anti- 
bacterial substances into lemeo agar and into potato doxtroso broth All tho strains of B subhhs, 
B pumitus and B hchcniforims are nctive, and only one third of tho other strains are active (p 214) 

Lund back has found that the complement-fixation test on sera of 60 mumps patients gave 
results m agreement with tho chmcal findings, u hcreas tho haomagglutination inhibition test faded 
to reflect tho actual antibody content of the sera (p 221) 

jMartin presents serial electrophoretic analyses of tho blood serum from 9 patients suffering from 
chrome progressive liver fadure In all cases there was a gross increase m the y-globuhn fraction 
and a decrease m the albumin fraction Tho P globulin fraction was normal or below normal, and 
in most cases the globulin fraction was below the mean of normal levels (p 231) 
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In previous papers (Svedmyr, 1 947a, 19476, 1948cr, 19486 , Gard, von Magnus 
and Svedmyr, 1947) the haemagglulmntion inhibitor was described which is 
present in normal allantoic fluid obtained from chick embryos The observa- 
tions indicated that the lnlnbitne capacity of noimal allantoic fluid on influenza 
vnus haemagglutmation is connected -with pai tides having a sedimentation con- 
stant of about 200 S, and that the inhibitor acts by combining with the virus 
particles In high concentrations the icaction manifested itself as a macro- 
scopic flocculation 

Active virus, even m small quantities, was shown to have the capacity, when 
incubated at 35° C , with normal allantoic fluid, to destioy gradually the mhibi- 
toiy activity After sufficient destiuetion, or modification, of the inhibitor 
particles, haemagglutimns appeared m the previously non-haemagglutmatmg 
mixture 

By suitable treatment it was possible to destroy successively the capacity 
of the virus particle (a) to infect, (6) to modify the inhibitor, and (c) to combine 
with the inhibitor and to haemagglutmate 

Certain of these previously reported results have been confirmed by the work 
of Hardy and Horsfall (1948) 

The purpose of this investigation was to study the virus-inhibitor precipita- 
tion m some detail 


MATERIALS AND METHODS 
Virus Preparations 

The PR8 strain of influenza virus was used throughout these experiments 
The virus was propagated m the allantoic cavity of 11 -day-old chick embryos , 
Two types of virus preparations were employed the classical standard virus 

17 
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(SV) with a sedimentation constant of about 700S, and the “ modified virus ” 
(j\r\ 7 ) obtained by three allantoic passages of undiluted allantoic fluid, its mam 
component having a sedimentation constant around 500 S (von Magnus, J 947a, 
19475 , Gard and von Magnus, 1947 , Gard, von Magnus and Svedmyr, 1947 , 
Svedmyr, 19485) 

Pin ification 

Virus concentrates were prepared by differential centrifugation m two cycles 
of allantoic fluid clarified by suction-filtration through tightly-packed cotton- 
wool The first cycle mcluded sedimentation and washing m a refiigerated 
Sharpies centrifuge operating at 48,000-50,000 r p m with a rate of flow of about 
1 4 litres per hour, followed by clarification m an angle centrifuge at 5000 rpm 
foi 5 minutes The second cycle consisted of sedimentation m an an -driven 
centrifuge at 27,000 rpm for 20 minutes, and a further low speed centrifugation 
at 5000 i p m for 5 minutes The final virus concentrate was made up with 
phosphate buffer to 1/1000 of the starting volume of allantoic fluid 

In the MV preparation used this general procedure was slightly modified 
The clarification of the Sharpies concentrate was performed by centrifugation 
m an “ Ecco,” bucket-type centrifuge at 4500 rpm for 10 minutes, the second 
high speed centrifugation was run for 90 minutes instead of 20, and the final 
clarification was performed by spinning up-and-down to 10,000 m the air-dnven 
centrifuge The concentration by volume was about 900 times that of the start- 
ing material This preparation was kindly supplied by Dr P von Magnus 

The mtrogen contents of the preparations used m the present experiments 
weie as follows SVl — 4 3 mg per ml , SV2 — 4 0 mg per ml , MV— -1 48 mg 
pei ml The biological pioperties of SVl and MV are listed m Tables I and II 
Table I shows that SVl contained 50 per cent or more of the activity of the 
starting material, as measured both by mfectivity, haemagglutmation titre and 
lnlnbitoi-destroymg capacity The term “ active virus ” means virus that has 
retained its capacity to destroy the inhibitor, the mfectivity being irrelevant m 
this connection 


Inhibitor Preparations 

Tv o preparations of inhibitor were used m these experiments The starting 
mateiial vas one batch of normal allantoic fluid from embryos 13 days old and 
one pool from embiyos 14 days old The purification methods were essentially 
the same for the two batches After clarification the fluid was diluted to about 
double the volume with buffered saline in order to minimiz e precipitation of 
uric acid during the next step Tlie fluid uas then concentrated to about 1/25 
of the original volume by means of ultrafiltration The concentrate was sub- 
jected to two cycles of differential centrifugation First, 27,000 rpm for 90 
minutes, followed by clarification m an angle centrifuge at 5000 rpm for 10 
minutes for Batch 1 and spinning up-and-down to 10,000 r p m in the air-dnven 
cent nfuge foi Batch 2 , then a further 60 minutes at 27,000 rpm, and a final 
lov speed centufugation at 5000 rpm for 15 minutes The final concentrate 
was made up with phosphate buffer to 1/1000 of the original volume Both 
preparations contained 0 51 mg mtrogen per ml Titres of the inhibitor} 7 
activity of the different fractions are listed m Table III 
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Table III — Till e Values of the Inhibitory Activity of the Various Fi actions from 

the Punfication of Inhibitor 


InJubitor fraction 

Original noimal allantoic fluid 

Same diluted by phosphate buffer 

Ultrafiltrate 

Ultraconcentrate 

Supernatant 27,000 I 

Sediment 27,000 I 

Supernatant 5000 I 

Sediment 5000 I or 10,000 lespectively 
Supernatant 27,000 II 
Sediment 27,000 II 
Supernatant 5000 II 
Sediment 5000 II 


Inhibitory activity * 


f 

Preparation 1 

1 43 
1 13 
—0 07 
0 83 
0 23 
0 53 
0 53 
—0 07 
—0 07 
0 75 
0 83 
0 


Preparation 2 

1 13 
1 13 
—0 07 

0 38 


0 23 
0 08 
0 53 
0 83 
0 08 


* The inhibitory activity was determined m the usual way after dilution of the 
corresponding to the volume of the starting material 


test material 


Most of the preparations and reaction mixtuies from the present expenmen ts 
were analysed in the ultra centrifuge The results -wall be reported in detail 
elsewhere It should only be mentioned that the SV and MV appeared pure in 
the centrifuge The lnlubitoi preparations m addition to the “ 200 S ” 
component contained a homogeneous slow-sedimenting component (“ 30 S ”) 

Preservatives 

The use of meithiolate, employed m earlier expenments (Svedmyr, 1948a, 
104S b) as pieservative, has been found to cause a certain loss of virus activity 
during purification Instead, 100 umts of crystalline penicillin and 100 y of 
streptomycin per ml was added to all concentrates 

Buffer solutions 

0 1 m phosphate buffer with a pH of 7 0 was used Inhibitor Concentrate 2, 
hov ever, v as taken up in a mixture of SO per cent saline and 20 per cent of tins 
buffci 

Saline 

0 9 pei cent NaCl m distilled v atei was used 

Titration Methods 

llacmarjghit motion tests 

The methods veie descubed in detail and their accuracy evaluated in a 
previous paper (Svedmyr, 194Sr/) All title values are lecoided as the logarithm 
of the final vnus dilution 

Inhibitory actnily — Red cells from a minority of fowls gave lover titres when 
iued in the titrations for inhibitory activity, v Inch agrees with the observations 
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of Andeison (1948) In these cxpeiiments only cells giving high mhibitoi titles 
wcic used 

The lnlnlntoiy actmty of a test matenal was usually detemnned as pieviously 
leported (Svedmyr, 194Su), 1 e scual dilutions of an active standard virus allan- 
toic fluid wcie made up with the mhibitoi matenal as diluent, and the difference 
betw ecu the log title value obtained and the conti ol title of the virus when dduted 
in saline was lecorded 

In some expermients, however, vdieie veiy many titiations had to be pei- 
fonned on the same day, a somevdiat modified techmque was employed To 
0 25 ml amounts of the mhibitoi matenal 0 25 ml of each vnus dilution was 
added and, finally, 0 5 ml of led cell suspension Stock dilutions of virus could 
thus be pieparcd at one tune foi a senes of titiations When corrected for 
different virus and inhibitor amounts no significant difference in titres was 
observed w ith the tw o methods, l e within the range of activity employed m the 
present experiments 

Inlnbitoi -destroying capacity — The mhibitoi -destioymg capacity of a vnus 
suspension was tested as leported pieviously (Svedmyi, 19486) , noimal allantoic 
fliud was incubated at 35° C with small amounts of the mi us Samples were 
leiiKH cd aftei different penods of time and tested foi residual mlubitoiy activity 
after being heated in the water bath at 65° 0 for 15 minutes m order to interrupt 
the process 

ChicL <mbryo titrations 

Cluck cmbiyo titiations weio peifoimed as pieviously descubed (Svedmyr, 
194S6) 

EXPERIMENTAL 

It w r as previously repoited (Svedmyi, 19476, 19486) that the precipitate 
appearing m a nnxtuie of purified concentiates of influenza virus and inhibitor 
seemed to be rather stable even after incubation at 35° C for one hour, and it 
was assumed that the virus suspension had lost most of its mlubitor-destroymg 
capacity, possibly since it had been stored foi a long tnne vnth 1/10,000 merthio- 
late as preservative As a matter of fact, quite different results were obtained 
wnth the active virus preparations described here 

In the present experiments the volume of the leaction mixtures varied from 
2 5 ml m tests intended for analysis in the ultiacentnfuge and foi haeinaggluti- 
nation to 0 05 ml , which was found sufficient foi observation of the flocculation 
wuth the aid of a magnifying-glass When mixtures had to be piepared at low 
temperatures reagents as wefl as glassw'aie were pie-chilled 

Precipitation phase 

Under the conditions mentioned the SV preparations formed heavy precipi- 
tates when mixed with inhibitor m the proportions 1+4, leaving an almost 
clear supernatant after storage m the cold The MV preparation, being less con- 
centrated, gave a rather slight precipitate when mixed m the same proportions, 
presumably with free inhibitor in the supernatant When mixed with inhibitor 
m equal amounts, howmver, the MV concentrate also gave a heavy flocculation 
and a comparatively clear supernatant 
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Dissolution phase 

When the tubes containing these heavy piecipitates iveie placed m an mcu- 
liatoi at 35° C 01 only wanned m the hand, the suspension cleared up almost 
completely m about 2 minutes, and after 6-10 minutes no floccules coidd be seen 
with a magnifying-glass In the first 5 nunutes m the incubator the temperature 
in the tubes may have reached 30° G 

The behaviour of mixtures with SV concentrates was studied in some detail 

Repeated cycles of combmahon-eluhon until the same virus amount 

It is well known (Hirst, 1942) that influenza virus can be adsorbed to and 
eluted fiom red cells several times without apparent change of its properties 
The experiment below indicates that the interaction between virus and inhibitor 
of crude allantoic fluids (mlnbition-Hiihibitor destruction) may also be repeated 
several times by successive addition of fresh normal allantoic fluid, the haem- 
agglutinins being released almost quantitatively each time 

A tv ofold serial dilution in saline was made of a virus-infected allantoic fluid 
Portions of the dilutions weie further tieated m two ivays 

(1) Each vnus dilution was mixed -with an equal amount of normal allantoic 
fluid, incubated at loom temporatuie for 30 mmutes, then chilled m ice-water, 
aftei v Inch the liaemagglutmation titre of each mixture was determined (Curve 
A m Fig 1) 

(2) Control, tieated m the same way, but with sahne substituted for normal 
allantoic fluid (Curve B m Fig 1) 

Obviously a good deal of the liaemagglutmation of the mixtures with the 
lowest concentrations of virus was still inhibited after 30 mmutes of incubation 
at loom tempera true 

The experiment v as lepeated m the same way, but with 20 houis of incuba- 
tion at 36° C befoie titration (Fig 2) After tins incubation there existed no 
signs of inhibition even with the lowest vuus concentrations 

New amounts of noimal allantoic fluid and sahne, respectively, weie added 
to each dilution of the last-mentioned experiment, and the liaemagglutmation 
titles -weie deternnned after a further incubation at 35° C foi 20 hours (Fig 3) 

Theic was now a significant diop m the titres of the lowest virus concentra- 
tions However, the control sliovnd the same decrease of titre, suggestmg that 
the smallei maximal “ elution ” of haemagglutmms m mixtures with low virus 
concentiations might be only an artefact produced by a more lapid inactivation 
of haemagglutmms when m these concentrations 

It mar be pointed out that Hardy and Horsfall (1948) in similar experiments 
appaienth did not include controls, and they do not mention the possibihtv of 
an mactnation of haemagglutmms as a cause of the diop m title of the low vuus 
concentrations 3Ioieo\ ei the\ seem to underestimate the neeessdy of increasing 
the incubation tune to obtain maximal lelease of haemagglutmms m mixtures 
with low concentrations of virus The validity of their conclusions legarding 
the existence of bound mi us ” m vu us-infected allantoic fluid is, therefore, 
still uncertain 

That the piecipitation-dissolution phenomenon can also be repeated with a 
single Mins aliquot b\ successive additions of fresh inhibitor is showm bj r the 
following experiment 
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Active SV Conccntiatc 2 (0 03 ml ) was mixed with the same volume of 
inhibitor Picpaiation 1 m a small test-tube The reagents were kept m ice-watei 
A piccipitntc immediately apjreai ed rvith laige floceules adlienng to the walls 
After being kept m ice-water for 2 \ horns the tube was incubated at 35° C for 
15 minutes The precipitate was dissolved m about 2 minutes The tube was 



Fig 1 — Free hacrnagglutinnis in virus — normal allantoic fluid mixtures after incubation 
for 30 minutes at room tempoiaturo (a) x — x. Virus diluted m saline -f normal 

allantoic fluid (b) o o. Virus diluted in saline + saline , (c) , Haemagglutination 

titres calculated from control containing highest virus concentration 


again chilled m the ice-watei for 10 minutes, the suspension remainmg qxute 
clear After this the whole precipitation-dissolution cycle was repeated thiee 
times by addnrg further ahquots of inhibitor under similar conditions The 
leaction ran the same course each time, although the precipitate was a little less 
flocculent in the last oycles, perhaps depending upon the higher dilution 
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Influence of tcmpciatme on the dissolution time 

As mentioned above, vnus-mtnbitoi precipitates, formed in the cold, weie 
completely dissolved m a few minutes when brought into a 35° 0 incubator If, 
on the othei hand, the leagents and the mixture weie kept at loom tempeiatuie 
dui mg the whole operation, only a turbidity appeared immediately and cleared 



up in a feu moments, showing that the dissolution reaction, at these high con- 
centiations, proceeds very rapidly At 0 to 1° C , however, even 24 hours’ 
incubation brought about no visible reduction m the precipitate 

A leaction rate intended to make observation more convenient was established 
m an experiment performed m a water bath kept at 10 5-11 0° C Active SV 
Concentrate 1 (0 15 ml ) was mixed with inhibitor (0 6 ml Preparation 1) at a 
tempeiature of 5° C A heavy precipitate appeared immediately The tube 
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v as then kept m the watci bath duimg tlie whole expenment It was found that 
the piecipilatc was not altcied m the fiist 15 minutes , at 45 minutes a slight 
reduction was appaient, and aftci 2 horns and 20 minutes onfy veiy slight leswjues 
of tlie floccules could be seen with the magmfymg-glass, bemg complete!}" dis- 
solved a few minutes later (Tablo IV} 



Fig 3 — Freo haomajiglutinins ui virus — normal allantoic fluid mixtures after incubation for 
20 hours at 35° C with repeat after addition of further allantoic fluid A A, Virus diluted 
m saline + normal allantoic fluid, incubation for 20 hours at 35° C , repeat after further 
addition of normal allantoic fluid x — x, Virus dilutod in saline -f saline, incubation for 

20 hours at 35° C , repeat after addition of normal allantoic fluid o o, Virus diluted in 

saline + saline, incubation for 20 hours at 35° C , repeat after further addition of saline 
, Haemagglutmation titres calculated from control containing highest virus concen- 
trations 


Correlation between the precipitation-dissolution phenomenon and the release of 
ha emagglutmins 

Some of the precipitation-dissolution experiments described above were also 
analysed by haemagglutmation titiations 0 1 ml samples were remot ed affcei 
different periods of time, immediately heated m a water bath at 05 0 for 15 
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Table IV — Haemagglutmation Titles and the Disappearance of Piecipitates on 
Incubation of Mixluies of 4/5 of the Inhibito? Pieparation 1 and 1/5 of the 


SV Pi eparahon 1 

Duration of 

Haemagglutmation 

Approximate 
gradation of the 
precipitate as seen 

Incubation temperature 

1 

incubation 

titre of the mixture * 

through a magm- 

f 0 

4 16 

fymg-glass 

+ + +t 

35° C 

3 his 

5 26 

— 

1 

[ 48 hrs 

5 56 

— 


r 0 

4 16 

+ + + 


5 nun 

4 39 

+ + + 

10 5°-ll 0° C 

15 „ 

4 54 

+ + + 

45 

4 69 

+ + 


2 his 20 nnn 

4 99 

( + ) 


4 hrs 

5 14 

— 


* Snmples were removed after the indicated periods of time, inaetn ated m the 65° C water 
bath for 16 minutes to stop the process and then kept at 4° C until titrated 

t When mixed at + 1° C a heavy precipitate was formed winch at 36° C disappeared in about 
3 minutes 

Control , The virus mixed with phosphate buffer instead of inhibitor and then likewise heated 
at C5°C for 16 minutes Titre 6 71 


minutes in order to interrupt the process, and then stored at 4° C until titrated 
A mius control with phosphate buffer substituted for inhibitor and treated in the 
same way was included Two such experiments with the SV Preparation 1 are 
listed in Table IV 

It is obvious that the macroscopically visible precipitate had disappeared 
before the liaemagglutmation reaction had reached its maximum The titre, 
even aftei 4S hours of incubation, was less than the control, but the difference is 
not significant The experiment has been repeated with a similar result It is, 
how ever, impossible to judge from the available data whether the release of virus 
haemagglutinins from the complex is complete 

The elution of haemagglutinins from a mixture of MV and inhibitor was 
tested with the same methods It appeared, however, that these haemagglutinins 
v ere almost quantitatively destroyed by the heat treatment that was used to mter- 
mpt the elution process, even in the control without inhibitor Whether this 
depends on a constant difference m heat resistance between standard virus and 
modified vnus remains to be investigated It may be mentioned that some oldei 
SV concentrates also chd not resist the same heat treatment 

How e\ er, if titrated without previous heat inactivation the MV-mhibitoi 
mixtme leached a titre of 5 31 aftei incubation at 35° C for 48 houis, -which 
should be compaied with the virus control title of 5 23, i e no significant difference 

SUMMARY 

The interaction between the PR S strain of influenza virus and the haem- 
agglutmation mlubitor of normal allantoic fluid, both purified and concentrated 
by tv o cycles of differential centrifugation, has been studied 
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Active viius, wlncli, m this connection, means virus that has retained, its 
capacity to lendei the inlnbitoi particles non-mlnbitive, immediately gives a 
visible piecipitate when mixed with the mlnbitor under suitable conditions The 
piecipitate is then gi a dually dissolved, whereby free vims haemagglutimns 
leappeai The piecipitation-dissolution phenomenon can be repeated several 
times with a single aliquot of mi us by successive additions of fresh inhibitor 
The disappeaiance of the piecipitate at these Ingh eoneentiations proceeds 
at a fairly lapid rate — at about 30° C m a feu nunutes, at 11° C m about 1 to 2 
houi s 

Fiom the available lesults it is not possible to judge whether virus is completely 
eluted fiom the varus-inhibitoi complex 

Both the classical “ standard mi us ” with a sedimentation constant of about 
700 S and the “ modified vnus ” until a sedimentation constant at around 500 S 
give this piecipitation-dissolution phenomenon 

As a uhole the piecipitation-dissolution reaction leflects the course of the 
modifying effect of normal allantoic fluid on influenza virus haemagglutmation 

This investigation uas aided by a grant from the Swedish Medical Research 
Council 
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The pieceding paper (Svedniyr, 1949) described the formation and dissolution 
of piecipitates m mixtures of purified concentrates of active mfluenza virus 
(PR 8) and the inhibitor present m normal allantoic fluid from chick embryos 
In the present paper it will be shown that precipitates obtained with property 
pre-heated virus do not dissolve spontaneously Data regarding the composition 
of the stable precipitate will be given Furthermore, the influence of virus- 
antibodies on the precipitation reaction is described 


MATERIALS AND METHODS 
II eat -inactivated vmis preparations 

The virus w as inactivated as follows Flasks containing 100 ml of the pre- 
parations v ere immersed m a 65° 0 watei bath for 15 minutes The tempeiature 
of the material exceeded 60° C for about 10 minutes The first preparation 
(heated “ standard vnus ” Preparation 1 == HSV 1) was made from part of the 
final actne preparation SV 1 described m the preceding paper (Svedniyr, 1949) 
This v as diluted 1/50 before heating and afterwards reconcentrated about 50 
limes by centrifugation in the air-dnven centrifuge at 27,000 r p m for 20 minutes 
On nnothei occasion (Preparation HSV 2) a fraction of a clarified Sharpies con- 
centrate (SV 2) was inactivated and then further purified as previously described 
for the active vnus 

The nitrogen content of the inactive virus concentrates was 3 3 (HSV 1) and 
l 8 (HSV 2) mg per ml , the haemagglutmation titres 6 4S and 6 71 respectively 

Inhibitor preparations 

In addition to the preparations described in the preceding paper (inhibitor 
Piepaiations 1 and 2 Siedmyr, 1949) a third concentrate was employed The 
utmg material was normal allantoic fluid from 14-day-old cluck embryos and 
the purification methods were essentially the same as for Preparation 1 The 
final concentrate contained 0 77 mg of nitrogen per ml , and showed an inhibitory 
acting of 0 83 when titrated in a dilution of 1/1000, as compaied with 1 58 for 
the starting matenal 
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Anh-PR S sawn 

Scrum from a fenct convalescent aftei infection with PR 8 influenza virus 
uas used Before use the seium was lieated to 5G° C for 30 minutes The 
polencv of the seium was checked by titration for complement-fixing capacity 

CapiUmy ccninfngc lubes 

Poi quantitative estimation of the piecipitates the leaotion mixtures were 
centrifuged in special tubes, wheic the sediment was collected in gauged glass 
capillanes The volume of the piecipitnte was estimated from the height of the 
closelv packed sediment. Two sets of tubes weie used, one type holding about 
0 IS ml , the otliei, used foi diluted preparations, holding 5 ml The capillary 
of the second type was graded, that of the former was ungraded, the height of the 
sediment in that case being determined with calipers With wooden adapters 
the tubes could be placed in the buckets of an International Size 3 centrifuge 

The composition of buffei solutions and saline as well as a description of the 
titration methods is given m the piecedmg paper (Svedmyr, 1949) 


EXPERIMENTAL 

Precipitation with heat -inactivated vmts 

Heating to 56° C for 30 minutes is known to inactivate the “ enzymatic ” 
effect of influenza viruses on the led cell receptors (Rnody, 1948 /Hirst, 19486), 
as A\ell as on the inhibitors of normal serum (Hirst, 19486 , Burnet, 1948) and 
noimal allantoic fluid (Svedmyi, 1948) It was, theiefore, to be expected that 
vnus-inlnbitor precipitates obtained with heated vnus should not show the 
phenomenon of spontaneous dissolution, provided the virus “ enzyme ” is respon- 
sible for this reaction 

The validity of this assumption u as tested in the following experiment 

Heat-inactivated vrius (HSV 1) was mixed with inhibitor (Preparation 1) 
m the proportions 1 to 5 at room temperature A flocculent precipitate appeared, 
remaining unchanged during a further incubation at 35° C for 48 hours Titra- 
tions for haemagglutmms showed no difference between samples taken immediately 
after mixing, after 3 and after 48 hours at 35° C The titres were 1 68 as compared 
with the virus control 5 71, indicating that no virus was eluted during incubation 

Quantitative data on the Virus -inhibitor pi ecipitation 

The formation of a stable precipitate m mixtures of HSV and inhibitor made 
it possible to collect quantitative data regarding the precipitation reaction An 
attempt was made to study to what extent the amount of precipitate and the 
activity of the supernatant were dependent upon the concentrations of the 
reactants 

In the special centrifuge tubes mixtures were prepared of constant amounts 
of one preparation with aliquots of serial dilutions of the other, measured by means 
of capillary pipettes or a microburette A control containing only virus and 
phosphate buffer was included m each senes The precipitates were observed 
under a magnifying-glass and then appearance recorded, after which the tubes 
weie left at room temperature for about 4 hours , or, in the first experiment, or 
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30 minutes and then at 4° overnight The tubes were then spun in a bucket 
type centrifuge The sediments were measured and the supernatants removed 
foi haemagglutmation tests 

It appeared that m lugh concentrations the sedimentation of the precipitate 
was delayed m tubes with excess of one of the components, as could be expected 
ftom the high viscosity of the prepaiations the greatei the excess, the slower 
the sedimentation Therefore, after removal of the supernatants the sediments 
veie further centrifuged until the volumes appeared constant In the last 
experiment the sedimentation disturbances caused by viscosity variations weie 
minimized by diluting the mixture 1/100 in phosphate buffer before centrifu- 
gation 

The results of two typicaL experiments are indicated m Tables I and II and 
Fig 1 and 2 


Table I — Vanation m the Virus -inhibitor Precipitate mth Varying Concentrations 
of Inhibitor Constant Quantity of Virus HSV 2-0 02 mg Nitiogenpei Tube 


Added amount of 
lnlutor Preparation 2 
in mg mtrogen 

0 041 

0 041/2 

0 041/4 
0 041/8 
0 041/16 
0 041/32 
0 041/G4 
0 041/128 
0 041/256 
0 041/512 
0 


Approximate grada 
tion of the imme 
diato flocculation 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ _p 
(+) 


Height m mm of the sediment 
after centrifugation for 31 hr 
at 1700 rpm and 1 hr at 
2400 rpm 

6 0 

still not homogeneous 
4 4 

still not homogeneous 
3 7 
2 9 
2 2 
1 5 
1 4 
1 1 
0 9 
0 9 


Haemnggluti- 
nation titre of the 
supernatant after 
1£ hr at 1700 
rpm 

<2 09 

<1 89 

<1 89 
<1 89 

1 89 

2 64 

3 69 

4 14 
4 52 
4 67 
4 82 


Table II — Variation in the Vnus-inhibitoi Precipitate unth Varying Concentra- 
tions of Vims Constant Quantity of Inhibitor Pieparahcn 3-0 0038 mg 
Nitrogen per Tube, except the Control Before Centrifugation the Mixture was 
Diluted 1/100 in Phosphate Buffer 


Added amount of HSY 2 
m mg nitrogen 


Approximate grada 
tion of the imme 
diate flocculation 


0 17 
0 17/2 
0 17/4 
0 17/S 
0 17/16 
0 17/32 

0 17, no inhibitor 


+ + + 
+ + + 
+ + + 
+ + 
+ 


Volume of the sediment 
in mm 3 after 4i hr 
at 2800 rpm 

6 0 
2 9 

1 3 
0 6 

ca 0 3 
ca 0 1 

2 0 


Hemagglutination 
titre of the super- 
natant after 30 min 
at 2800 rpm 

3 16 

2 56 
1 28 
0 30 

<0 30 
<0 30 

3 91 
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An expenment m winch decreasing amounts of inhibitor were added to 
constant amounts of virus (Table I, Fig 1) showed that haemagglutimns appeared 
in the supernatant when the oiigmal concentration of inhibitor was below a 
certain level A closet analysis reveals that the amount of virus fixed m the 




INHIBITOR PREPARATION ADOEO IN 15 NITROGEN VIRUS ADDED IN S NITROGEN 

Fza 1 Fig 2 

Fig 1 — Variations of free and bound virus in mixtures with varying concentrations of inhibitor 

o o = Free virus , x x = bound virus , = added virus 

Fig 2 — Variations of free and bound virus in mixtures with varying concentrations of virus 
o o = Free virus , x x = bound virus , = added virus 

precipitate is not proportionate to the quantity of inhibitor Under the given 
conditions proportionately more virus is bound the smaller the amount of inhibitor 
used The results of haemagglutmm titration and measurement of precipitate 
volume coincide largely m this respect However, by direct observation of the 

18 
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ne^rt ly formed precipitate it was impossible to detect significant differences m the 
appearance of the precipitate, except m tubes with very small amounts of mlubitoi 
Direct observation, therefore, cannot be relied upon for quantitative estimations 
The results recorded m Table II and Tig 2 are m keeping with those of the 
previous experiment The more virus is added to a certain amount of mhibitor 
the larger is the quantity incorporated m the precipitate 

The figures m Table I seem to indicate that the reverse may also be true If 
so, the inhibitor, when added m excess, seems to be less leadily mcorpoiated 
Further expenments, including titrations for inhibitory activity, aie necessary 
before this question can be answered 


Inhibition of pi ecijntation reaction by specific PR 8 antiserum 

The effect of anti-serum against PR 8 virus on the\viius-mlnbitor precipi- 
tation was tested m the following way v 

PR 8 ferret seium (0 20 ml ) was treated with 0 05 ml of m/10 NaI0 4 (final 
dilution m/50) at room temperature for 2 5 hours m ordei to, eliminate the effect 
of the normal serum inhibitor (Hirst, 1948a) The excess -NaI0 4 was then 
destroyed by adding 0 05 ml of 10 per cent glucose 

Tliree tests were performed 

(1) 0 01 ml of heat-mactivated standard virus was mixed with 0 09 ml of 
the periodate-treated serum and kept at room temperature for 30 minutes The 
mixture was clear After that 0 04 ml of inhibitor was added No precipitate 
appeared 

(2) Inhibitor and virus were mixed first, the typical flocculent precipitate 
appearing After 30 minutes at room temperature the serum was added The 
precipitate remained unchanged 

(3) Virus was diluted with phosphate buffer instead of serum, inhibitor added- 
last A typical precipitate appeared 

The three tubes were then incubated at 35° C After one day a very shght 
deposit appeared m the first tube, while m Tubes 2 and 3 the precipitates had 
settled into heavy sediments, the supernatants remaining rather clear The 
appeal ance was quite the same throughout 4 days of mcubation 

Obviously the immune serum could prevent the vnus-mlnbitor precipitation 
even if it were added in a concentration forming only insignificant amounts of 
mununo -precipitate when mixed with the virus However, the same amount of 
vn us-antibody vas not able to displace the inhibitor m the combination with 
vims, at any rate not enough to dissolve the precipitate 

DISCUSSION 

The lesults leported above clearly indicate that the composition of the virus- 
mhibitoi piecipitate varies with the original concentrations of the components 
On the basis of available data a calculation of the composition of the precipitate 
v as attempted 

The ratio of mlubitoi to virus particles may be computed as follows 

Number of inhibitor particles _ A 7 , L s c = (1 — F x ) 

Number of vn us particles — N v s£ (1 —Ft)' 
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where 

N t = amount of inhibitor piepaiation nitrogen added, 

N r = amount of vnus mtiogen added, 

l = collection factoi foi nnpmities (“ 30 S ”) present m tlie inhibitor 
piepaiation It was calculated from ultracentnfugation data 

6, = the sedimentation constant of the inhibitor particles (= 200 S), 
s r = the sedimentation constant of the standaid virus particles (=700 S), 
F, = fi action of total mhibitoi lemaining uncombmed, 

F r = fi action of total vnus lemaining uncombmed 

The formula, of course, involves many appioximations Some should be 
discussed 

The amount of material is measured m terms of the nitrogen content This 
is peinussible on the condition that virus and inhibitor have the same nitrogen 
content According to Knight (1044) tins should be the case Furtheimore, 
the impurities (“ 30 S ” particles) should have the same nitrogen content On 
tlus point no information is available at piesent 

The particle weight is assumed proportional to the 3/2 powei of the sedimenta- 
tion constant This presupposes a spherical shape of the particles and identity of 
partial specific volumes, about which information is insufficient 

The formula given may, however, at least give an idea of the older of magnitude 
of the ratio mentioned 

From the data m the two experiments related above the ratios 1/12 and 1/0 9 
were computed for mixtures containing just enough inhibitor to precipitate the 
total virus amount added, and anothei experiment, not listed above (constant 
inhibitor versus varying vnus amounts, mixtuies not diluted before centrifugation) 

_ yielded the ratio 1/18 The values from different experiments thus appear m 
good agreement, indicating that about one vnus particle is inhibited by one 
mlnbitoi particle The largest proportion of virus particles incorporated m the 
piecipitate can be calculated from the values m Fig 2 In the highest mhibitoi 
dilution the precipitate was probably saturated with virus particles Here 
about 70 virus particles were added per inhibitor particle, and as about 2/7 were 
fixed m the precipitate, this should contain about 20 virus particles per inhibitor 
particle — a rather surprising proportion of the large virus particles to the much 
small mhibitoi particles 

The observation that virus-antibodies prevent the piecipitation of virus with 
inhibitor is m keeping with the inhibition of haemagglutination by specific anti- 
bodies These reactions indicate that the antibody somehow blocks the chenucal 
structures on the virus particle that combine with the mhibitoi Tlus, of course, 
does not necessarily imply that the antibody and the receptor gioups of the 
inhibitor are chemical analogues 

SUMMARY 

Virus, the inhibitor-destroying capacity of which has been inactivated bv 
heat treatment, gives a precipitate with inhibitor which does not dissolve spon- 
taneously on incubation The composition of this precipitate vanes wjt l t ie 
pioportions of the components added, 
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Virus antibodies prevent the precipitation when added to the virus before the 
inhibitor is added 

This investigation was aided by a grant from the Swedish Medical Research 
Council 

i 
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In the two preceding papers (Svedmyr, 1949a, 19496) a description was given 
of the precipitation-dissolution reaction between purified concentrates of the 
PR 8 stram of influenza virus and the inhibitor present m noimal allantoic fluid 
from cluck embryos 

In this paper some observations are reported regarding the effect on the 
ininbitor of treatment with active virus, proteolytic enzymes or periodate, as 
\\ ell as the action of virus and periodate upon a stable virus-inhibitor precipitate 

MATERIALS ANT) METHODS 

The virus and inhibitor preparations as well as the buffer and salme solutions 
used were described m the preceding pubhcations (Svedmyr, 1949a, 19496) 

Crvstalhne trypsin and crystalline soybean trypsin inhibitor (Kunitz, 1946) 
v ere obtained through the courtesy of Dr Moses Kumtz, of the Rockefeller 
Institute for Medical Research 

The trypsin preparation, containing about 50 per cent MgSo 4 , was dissolved 
in sahne and then carefully washed on the ultrafilter (Seibert, 1928) with several 
lots of sahne to remove the MgS0 4 , and then with phosphate buffer containing 
100 units each of penicillin and streptomycin per ml as preservative Finally, 
the stock solution was made up to contam about 10 mg trypsin per ml The 
ultrafiltration was earned out at 2° 0 
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The ciystalhne soybean tiypsm inhibitor was kept in stock solution at a 
concentiation of 10 mg pei ml of phosphate buffer with preservatives as 
mentioned above 

Ficm was used as a commeicial prepaiation, also stored in a stock solution 
of 10 mg pei ml phosphate buffei with the same preservatives 

The activity of the trypsin and ficrn solutions was tested on clots of human 
fibrin 

All stock suspensions of vnus, inhibitor and enzymes were stored at about 
4° G 

Chemically puie, crystalhne NaI0 4 was dissolved to a concentration of m/10 
m saline and kept as stock solution Further dilutions were always made in 
saline and aie expressed throughout m the final molarity of NaI0 4 

A 10 per cent solution of analytically pure glucose m phosphate buffer was 
used as periodate-mactivator with the same preservatives as mentioned above 
Haemagglutmation tests were usually performed as described previously 
(Svedmyi, 1948a) In several experiments, howevei, in addition to active virus, 
heat-mactivated virus (kept in the water bath at 65° 0 for 15 minutes) was used 
foi the titiations of inhibitory activity If so, the virus-mhibitor mixture was 
usually kept at room temperature for one hour before the addition of red cells 
Some other modifications are mentioned m the text 


EXPERIMENTAL 

The Effect of Small Amounts of Active Virus on the Inhibitor 

In a pievious paper (Svedmyr, 19486) it was shown that active virus, even m 
small quantities, has the capacity to giadually destroy the inhibitory activity of 
normal allantoic fluid After sufficient destruction or modification of the in- 
hibitor, haemagglutimns appear m the previously non-haemagglutmatmg mixture 
The inhibitor -destroying capacity of the virus was eliminated by a suitable 
heat treatment 

The following experiment was designed to study the influence of small amounts 
of virus on purified inhibitor concentrates, and test the results by titrations for 
residual inhibitory activity and by precipitation with heat-inactivated virus 
concentrates 

Preparations of active and heat-inactivated “ standard virus ” (SV) and of 
“modified virus ” (MV) were diluted 1/100 in phosphate buffer Each dilution 
was mixed with inhibitor m the proportions 1+4, making a final concentiation 
of 1/500 of the virus concentrate A control with phosphate buffer substituted 
for the virus was included The mixtures were incubated for 48 hours at 35° G 
Samples were removed after different periods of tune, heated in the 65° G water 
bath for 15 minutes m order to interrupt the elution process, and then stored at 
4° C until titrated for residual inhibitory activity After 48 hours of incubation 
a sample was also tested for capacity to precipitate with heat-mactivated virus 
The results are listed m Table I 

It is clear that even relatively small amounts of active virus gradually desti oy 
both the inhibitory and the precipitating capacity of the mlnbitoi The heat- 
mactivated virus had lost all such activity 
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Table I — The Effect of Active and Inactive Virus Preparations m the Final 

Dilution 1 /500 on the Inhibitoi 


Duration of Active SV Active MV Heat mac- Control 


Virus material 

Residual inhibitory activity 
of the inhibitor piepara- 
tion incubated with virus" 


incubation 

1/500 

1/600, 

tivated SV 

without 

at 35° C 

1/500 

virus 

0 

0 75 

0 98 

0 67 

0 82 

3 hi 

0 22 

0 38 

,0 75 

— 

18 hi 

0 22 


— 

0 82 

48 hr 

0 22| 

0 

0 75 

0 82 


Piecipitation with 1/5 volume of heat- 
mactivated SV (test sample incubated — — + • + 

for 48 hrs ) 


* Samples were remo\ed after the indicated periods of time and heated at b5° C for 15 
minutes to interrupt the process The senes with MV was then dduted m salme 1/160 and 
titrated directly, the other senes were diluted 1/200, and all samples, except those with heat- 
mactrvated virus, boiled before titration 
f Positn e agglutination before bo ilin g 


The Effect of Proteolytic Enzymes on the Inhibitor 
Crystalline trypsin 

Several authors have reported that crystalline trypsin destroys influenza 
virus leceptors of red cells (Hirst, 1948), as well as the inhibitor of normal serum 
(Hast, 1948, McCrea, 1948) and that of normal allantoic fluid (Hardy and 
Hoisfall, 1948) 

In a senes of piehmmary experiments with ciude allantoic fluids it was found 
difficult to evaluate the results owing to the haemagglutinatmg effect of the 
tiy psin itself As previously shown by Volkert and Horsfall (1947) m experiments 
on pneumonia virus of mice, this difficulty ean be overcome by addition of crystal- 
line soybean tiypsm inhibitor (Kurntz, 1946) Consequently the trypsin mhibitoi 
v as used m the present experiments In the concentrations employed it did not 
interfeie v ith virus haemagglutmation titres or with virus-inhibitor precipitation 
tests 

Effect of larying concentrations — Fust, the influence of varying concentrations 
of tr\psin on the inhibitor was studied One volume of trypsm dilution was 
added to foui volumes of the inhibitor, the final concentrations of trypsm bemg 
2, 0 3 0 1 and 0 02 mg per ml The mixtures were incubated at 35° C for three 
bourn aftei v Inch tiypsin inhibitor was added in excess The mixtures were 
then tested for capacity to precipitate with heat-mactivated vims, and titrated 
foi lesidual inhibitory activity m the usual way (Table II) 

Ciyffalhne trypsm, e\ en in a concentration of 2 mg per ml , failed to destroy 
the capacit\ of the mhibitoi to piecipitate with heat-inactivated vnus The in- 
lnbitoiy activitv howe\ er, v as leduced, although not completely destroyed In 
tins time intei val about 0 1 mg of trypsin per ml was needed for a significant 
effect 

Contiol tests shoved that no precipitate vas foimed m mixtures of tiypsm 
(2 mg per ml ) and virus without inhibitor 

Effect of length of incubation — The influence of the length of incubation on the 
ti \ psin effect v as tested in a s imil ar experiment with the use of 0 1 mg of tiypsm 
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Table II — The Effect of Vatying Concentrations of Crystalline Tiypsm on the 
Inhibitor by Incubation at 35° C for 3 Hours 


Concentration of trypsin 

Residual mlubitory 
activity* against active 

Residual mlubitory activity* 
against inactivated (66° C 

2 mg /ml 


virus 

0 15 

for 16 mm ) virus 

2 05 

0 5 mg /ml 


0 37 

2 05 

0 1 mg /ml 


0 60 

2 20 

0 02 mg /ml 


1 35 

2 65 

0 


1 65 

2 80 


* Determined on a 

1/160 dilution of the inhibitor material 


per ml Samples were lemoved after cliffei ent periods of time, and the tiypsm 
inactivated by addition of excess trypsin mlnbitoi (Table III) 


Table III — Residual Inhibitory Activity of an Inhibitor Preparation after Treat- 
ment with 0 1 mg of Crystalline Trypsin per ml for Various Periods of Time 


Duration of incubation 


0 

30 mm 
3 hr 
15 hr 


Residual mlubitory 
activity of the matonal 
treated with 
trypsin * 

1 36 
0 83 
0 38+ 

0 23 + 


Control Trypsin already in 
activated by trypsin 
inhibitor and added to the 
preparation after incubation 


1 36 


* Determined on a I/1G0 dilution of the inhibitor material 
-J- = positive precipitation reaction with heat inactivated SV 


Apparently the mlubitory activity decreased gradually, but it was not com- 
pletely lost even after 15 horns The final product also retamed the capacity 
to piecrpitate with virus The latter reaction was tested with heat-mactivated 
virus as well as with active virus m the cold In both cases heavy piecipitates 
appeared, that with active virus bemg dissolved m the typical way within a few 
minutes if kept at 35° C (Svedmyr, 1949a.) 

Control tests showed that increase of the concentration of trypsin to 2 mg 
per ml did not cause any further reduction of the inhibitory activity aftei 17 
hours at 35° C 

In one experiment the lesidual amount of mlnbitoi was assayed with two 
different methods The inhibitor was treated with 0 4 mg of trypsin pei ml at 
35° C for 20 hours, after which an excess of trypsin inhibitor was added The 
leaction mixtures were then titrated for inhibitory activity in two principally 
different ways, on both cases against active as well as heat-inactivated punfied 
vans As m other experiments a control was included — inhibitor incubated 
without trypsin and then mixed with trypsin already inactivated 

I The virus was serially diluted m 0 25 ml amounts of saline, 0 25 ml of the 
test material diluted 1/100 m saline, and finally 0 5 ml of red cell suspension weie 
added The mixtures of heat-inactivated virus and inhibitor were kept at room 
temperature for 1 hour before the addition of red cells 
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2 The test material was serially diluted in 0 25 ml amounts of saline, 0 25 
ml containing 8 agglutinating doses of virus, and finally 0 5 ml of red cells were 
added ^fixtures of inactive virus and inhibitor were likewise kept at loom 
temperature foi 1 hour before the addition of red cells 
The results are listed in Table IV 


Table IV — Residual Inhibitory Activity * after Trypsin Treatment of the Inhibitor 

as Titrated with Different Methods 


Titration method Residual inhibitory activity against 

active virus 

t A 'i 

Material treated Control without 
with trypsin trypsin treatment 

I 0 38 1 73 

II <1 00 . 1 83 


Residual inhibitory activity against 
heat-inactivated virus 


Material treated Control without 
with trypsin. trypsin treatment 


2 03 2 93 

1' 98 2 73 


* Determined on a 1/100 dilution of the inhibitor material 
Active and heat-inactivated SV were used as test viruses 


The lesults show that 5-25 pei cent of the inhibitory activity lesisted trypsin 
treatment As can be seen from data m the preceding paper (Svedmyr, 19496) 
a conesponding i eduction of the inhibitor concentration will not have any appre- 
ciable influence upon the precipitation reaction 


Ficm 

An attempt was also made to destroy the precipitative capacity of the in- 
hibitor by means of a commercial preparation of ficm It was found, hou ever, 
that incubation at 35° C for 21 hours with 2 mg ficm pei ml did not destioy the 
capacity of inhibitor to piecipitate with heat-inactivated virus Further incu- 
bation at 35° C foi two days in the presence of ficm did not change the appearance 
of the precipitate A control revealed that practically no precipitate was formed 
in mix tuies of virus and ficm without inhibitor 


The Effect of Periodate on the Inhibitor 

Hirst (1945, 1948) described the destruction of red cell receptors and the 
lnlnbitoi of normal rabbit serum by rather low concentrations of sodium periodate 
as opposed to other oxidants It has been shown that periodate has the same 
effect on virus inhibitors fiom othei souices, such as mucins of various human 
oi ignis (Anderson, Burnet, Fazekas, McCrea and Stone, 1948) and also the m- 
lubitor of normal allantoic fluid (Hardy and Horsfall, 1948) The action of perio- 
date has been taken as an evidence that carbohydrate is an essential part of the 
leceptois, since it is known that periodate m biological materials chiefly attacks 
cai bohydrates This assumption has later been very much corroborated by the 
isolation from led cells of very potent inhi biting substances containing a high 
peicentage of carbohydrate (de Burgh, Yu, Howe and Bovannck, 1948 , Woolley, 
1949) 

The effect of sodium periodate on the purified inhibitor concentrates from 
normal allantoic fluid w as studied m some experiments 
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Effect of different conccnh ahons 

Fust, the effect of different concentrations of periodate on the inhibitory 
activity was tested Twofold senal dilutions of NaI0 4 were made m saline, and 
each dilution in an amount of 0 04 ml was mixed with 0 16 ml of inhi bitor 
The final concentiations of periodate coveied the range of m/100 to m/1600 
Aftei two horns at loom temper atm e 0 10 ml of 10 per cent glucose was added 
to each sample to destroy the excess of penodate, and after dilution with 32 ml 
of sahne, i e 200 times the ongmal volume of inhibitor preparation, each mixture 
was titiated foi residual mlnbitory activity agamst both active and heat-inacti- 
vated vnus For results see Table V 


Table V — The Effect of Diffei eni Concentrations 

Activity 

of Penodate on the Inhibitory 

Concentration of 

Residual inhibitory 

Residual inhibitory activity 

NaI0 4 

activity agamst 

against inactivated (65° C 


active virus 

for 16 mm ) virus 

m/100 

0 23 

0 03 

m/200 

0 15 

0 10 

m/400 

0 23 

0 33 

m/800 

0 38 

0 33 

m/1600 

I 66 

2 51 

0 

1 58 

2 73 


Concentrations of periodate down to m/800 ehmmated the inhibitory activity, 
the titre values shown being insignificant even against mactive virus At a 
dilution of m/1600, however, the penodate failed to influence the inhibitory 
activity 

In anothei experiment, now with periodate m the concentration of m/150, 
samples were lemoved fiom the inhibitor -penodate mixture after diffeient time 
intervals at room tempeiatuie and the excess penodate immediately destroyed by 
glucose It appeared (Table VI) that the inhibitory capacity decreased precipi- 
tately, and the final pioduct had lost its capacity to precipitate with heat- 
mactivated virus 


Table VT — The Effect of Penodate (m/I50 ) on the Inhibitor as Tested after Different 

Periods of Time 


Inlubitor treated with periodate 
Duration of m/150 

incubation at , — a — , 

room Residual in Precipitation 

temperature hibitory reaction with 
activity heat macti 

vated virus 


About 30 sec 0 45 
5 mm 0 

2 hr 0 Negative 


Inhibitor treated 
with a mixture 
of periodate and 
glucose 

Residual in 
lubitory 
activity 


1 36 


Control Inlubitor without 
penodate 

-A- . . . 

Residual in Precipitation 

hibitory reaction with 

activity heat inacti 

vated virus 


1 43 Positive 


The titrations for inhibitory activity were performed on a 1/100 dilution of the inlubitor material 
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Effect on pi capitation dissolution reaction — The effect of diff erent concentra- 
tions of penodate on the precipitation-dissolution reaction of the inhibitor with 
active vnus was tested in some experiments Various dilutions of penodate 
(0 01 ml ) were added to 0 03 ml amounts of inhibitor The mix tures were kept 
for at least 2 horns at room temperature, after which 0 01 ml of 10 per cent 
glucose was added to each tube to destioy excess penodate The tubes were then 
placed m ice-water with subsequent addition of 0 01 ml of active standard virus 
oi 0 05 ml of active modified virus Both virus preparations and pipettes were 
pie-chilled The appeaiance of precipitates was recorded, and the tubes left for 
at least 30 minutes m the ice-water They were then incubated at 35° C or at 
loom temperature and the approximate dissolution times were noted (Tables 
VII-X) 

The results reveal that with the highei concentrations of penodate, down to 
about m/600, the precipitation capacity of the inhibitor was destroyed, and that 
the lowei concentrations of penodate did not influence the formation of a precipi- 
tate This is ill keeping with the above-mentioned effect of various penodate con- 
centiations on the inhibitory activity Within a rather narrow zone of penodate 
concentration, however, m/1440 and m/1350 respectively in two experiments, the 
dissolution reaction of pieeipitates with active SV was significantly modified 


Table VII — Precipitation-dissolution Reaction Between Active SV and Periodate- 

treated Inhibitor 


The appearance of the precipitates after the Indicated periods of time 

A — 


Periodate 

Immediately 

30-60 min 

2 min at 

6 min at 

16 min at 

30 min at 

Overnight 

concentrations 

at 1° C. 

at 1 °.C 

35° C 

35° C 

35° C 

35° O 

35° 0 

m/160 

— 

— 

— 

— 

— 

— 

— 

m/180 

— 

— 

— 

— 

— 

— 

— 

m/1440 

+ + + 

+++ 

4 — b(4-) 

4--H4-) 

+ + 

+ ( + ) 

— 

m/4320 

+ + + 

+++ 

+ +(+) 

4-4- 

— 

— 

— 

m/12,960 

+ + + 

+++ 

+ 4- (4-) 

4-4- 

— 

— 

— 

m/38,880 

4- + + 

++(+) 

4- +(+) 

4-4- 

— 

— 

— 

m/110, 640 

4 - + + 

+++ 

+ +(+) 

4-4- 

— 

— 

— 

Control inhibitor 
treated with a 
mixture of pono 
date and glucose 

+ + + 

++ + 

+ +(4-) 

4-4- 




Untreated mhibitor + + + 

+ + + 

+ +(+) 

4-4- 

— 

— 

— 


T a.ble VIII — Experiment as in Table VII Shorter Intervals Between the Penodate 

Concentrations 


Hie appearances of the precipitates after the indicated periods of time 

A — - - - 


1'criodiU 

ImracdJatch 30- 55 inin 

5 min 

10 min 

15 min 

20 min 

25 min 

30 min 

35 min Overnight 

concentrations 

at 1° C 

at 1° t 

at 35° C 

at 35° C 

at 35° 0 

at 35° C 

at 35° C 

at 35° C 

at 35° 0 at 35° C 

m/400 

— 

— 

— 

— 

— 

— 



— 

m/G00 

4- 

+ 

— 

— 

— 

— 




m/900 

-*- + + 

4-4-4- 

4- + 

— 

— 

— 


( + ) 


m/1350 

4-4-4- 

4-4-4- 

++ 

+ + 

+ (+) 

+ 

+ 

— 

m/2023 

m/3040 

t4- + 

4-4-4- 

+ + 

+ 

— 

— 




4-4-4- 

4-4-4- 

++ 

— 

— 

— 




m/4560 

4-4-4- 

4- 4- 4- 

+ + 

— 

— 

— 




M/6S40 

Untreated 

4-4-4- 

4-4-4- 

++ 


“ 





inhibitor 

4-4-4- 

+ + + 

++ 

— 

— 

— 
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Table IX — Precipitation-dissolution Reaction Between Active MV and Penodate- 

Treated Inhibitor 


1 lie appearance of tlio precipitates after tlie indicated periods ortime 

- - . - - - ■ A ----- _ 


Periodate concuitrationfe 

Immediately 30-00 min 

at 1° C at 1° C 

6 min 
at 35° G 

10 min 
at 35° C 

0\ emight 
at 35° C 

m/400 

— 

— 

— 

— 

— 

m/G00 

— 

— 

— 

— 

— 

m/000 

+ + + 

+ + + 

+ 

— 

— 

m/1350 

+ 4- + 

4-4-4- 

+ 

— 

— 

m/2026 

+ + + 

+ + + 

+ 

— 

— 

m/3040 

+ + + 

++ + 

+ 

- — 

— 

m/45G0 

+ + + 

++ + 

+ 

— 

— 

m/0840 

+ + + 

+++ 

(+) 

— 

— 

Untreated inhibitor 

+ + + 

4-4-4- 

( + ) 



Table X — Expo iment as m Table IX Shorter 

Concentrations 

Intel vals Between the Penodate 


The ftimeamucc of the precfpitatcB after the indicated periods of time 


Periodate concentrations 

Immediately 
at 1°0 

30-00 min 
at 1° C 

m/GOO 

— 

— 

m/900 

+ + 

+ 

m/1080 

+ + 

+ 4- + 

m/1200 

+ + 

+ 4-+ 

m/1350 

+ + 

4-4-4- 

m/1620 

H" 

+ 4-4- ' 

m/1800 

4“ + 

+ 4- + 

m/2025 

+ + 

+ + 4- 

m/3040 

+ + 

+++ 

Untreated inhibitor 

+ + 

4-4-4- 




5 min at 

10 min at 

16 min at 

0\ emight 

room temp 

room temp 

room temp 

room temp 

+ + 

( + ) 

— 



+ 

(4*) 

— 

— 

+ + 

(4~) 

— 

— 

4- 4* 

( 4-3 

— 

— 

4- 4- 

(+) 

— 

— 

++ 

(+) 

— 

— 

4- 4- 

(+) 

— 

— 

+(+) 

(+) 

— 



inasmuch as the leaction tmie was prolonged It is striking that m one expen- 
ment there was a concentration of periodate intermediate between the “ destruc- 
tive ” and “ modifying ” doses that apparently did not influence the course of 
the precipitation-dissolution reaction This might, however, 'be an artefact, for 
instance the effect of accidental reduction of the periodate by threads of cotton- 
wool 

The phenomenon of a prolonged dissolution time was not observed in pie- 
cipitates containing active modified virus, although (a) rigid precautions weie 
taken to avoid an accidental inactivation of the penodate, and ( b ) the intervals 
between the penodate concentrations were made very short 

It was shown above that both active virus and suitable concentrations of 
penodate destroy the inhibitory activity of the inhibitor as well as their capacity 
to precipitate with virus These agents were also tested for theu capacity to 
lelease heat-inactivated virus particles from a fresh stable precipitate with 
inhibitor 


In each of two tubes 0 20 ml of inhibitor was mixed with 0 05 ml of heat- 
mactivated standard virus The mixtures weie kept at room temperature foi 
one hour and the precipitates were then sedunented at 3500 r p m for 20 mrnu es 
m an angle centrifuge The heavy sediments were treated m two v ays 

1 One sediment was resuspended m 0 25 ml of m/100 NaI0 4 at loom era 
perature After a few minutes the precipitate appeared dissolved- ine mtu 
was left at 4° C overnight and then for two hours at room temperature before 



262 


A SVEDMYE 


the addition of 0 25 ml of a 10 per cent solution of glucose to destroy excess 
periodate It was then again centrifuged at 3500 rpin for 20 minutes, and the 
rather shght sediment resuspended m 0 25 ml phosphate buffer 

2 The other sediment was resuspended m 0 25 ml of a dilution of 1/100 m 
phosphate buffer of active standard virus Together with a control tube with the 
same dilution of active virus it was then incubated at 35° 0 overnight The 
mixture still showed a large sediment which, after a final centrifugation at 3500 
rpm for 20 minutes, was lesuspended m 0 25 ml of phosphate buffer 

The various fractions and controls, including the original heat-mactivated 
virus, were then titrated for haemagglutinms The results are shown m Table 
XI All titres are corrected for volume changes, so that the values are directly 
comparable 


Table XI - — Treatment of the Virus Inhibitor Precipitate with Active Virus and 

Periodate 


I 

II 


Tested material 

Supernatant of the mixture before treatment 

,, ,, after periodate treatment 

Sediment ,, ,, 

Supernatant of the mixture before treatment 

„ ,, after treatment with active virus 

Sediment „ ,, „ 

Control titre of the heat-inactivated virus 
,, ,, active virus 


Haemagglutina 
tion titre 

2 36 
5 44 

4 31 
2 36 

5 06 ' 

4 24 

5 63 
4 16 


Treatment with penodate obviously released roughly 2/3 of the haeinagglu- 
tnmis, and only a small fraction of the original precipitate could be recovered by 
centrifugation Active virus left the bulk of the precipitate unchanged, and only 
about 1/4 of the haemagglutimns were released It may be mentioned, howevci, 
that m another experiment with a precipitate several weeks old much less haemag- 
glutinm was leleased whether penodate or active virus were used On the other 
hand, in a similar control experiment a fiesh precipitate of inactive virus and 
inhibitor was not visibly altered when incubated at 35° C for one week in a 
suspension containing active vnus 

It may be mentioned that previous trypsin tieatment of the inhibitor com- 
ponent of the piecipitate did not influence the capacity of periodate to dissolve 
the piecipitate Thus the floccules formed m the experiment hsted m Table 
II v eie dissolved m a few minutes after addition of XaI0 4 in a final concentration 
of m/ 150 The same concentration of penodate destroyed the capacity of a 
tivpsm-treated inhibitoi pieparation (2 mg trypsin per ml 35° C overnight) to 
precipitate with heat-mactivated vnus 


DISCUSSION 

Hnst (1942) suggested that the adsorption and elution of influenza Anns to 
led cells was due to the interaction between an enzyme incorporated in the varus 
paiticle and its substiate, the leceptoi, on the red cell surface This hypothesis 
v as latei adapted foi the sinnlai adsorption-elution of influenza virus to the cells 
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m the excised mouse lung (Hnst, 1943) The inhibiting effect of normal serum 
(Fiancis, 1947 , Hirst, 1948 , Anderson, 1948) and of mucins of various origins 
(Anderson et al , 1948), as well as the destruction of this effect on mcubation with 
Yiius, has been explamed on the same basis 

The evidence foi this enzyme theory is twofold , the reaction can be repeated 
manj’- times with the same ahquot of virus without reduction of virus activity , 
fuithermoie, the elution process may be prevented by previous heating of the 
vims to 56° 0 for 30 minutes 

As yet httle is known about the chemical structure of the receptors of different 
ongms, and nothing about the change in this configuration folio wong the action 
of the presumptive virus enzyme A considerable amount of data has accumulated 
that seems to indicate that the different receptors are mucoprotems, as indicated 
by the sensitivity to periodate and trypsin (Hirst, 1945, 1948 , Anderson et al , 
1948 , Hardy and Horsfall, 1948), by the high inhibitory activity of crude 
mucinous suspensions, and of purified mucins of different human origins (Anderson 
et al , 1948), and above all by the preparation from red cells of very active 
inhibitors containing a large percentage of carbohydrate (de Burgh et al , 1948 , 
Woolley, 1949) 

The biological implication of the presumptive viral enzyme has been postu- 
lated first by Hirst (1943) and later by Burnet (1948a), who suggested that the 
initial stage of influenza virus infection was the adsorption of virus to receptors on 
the cell surface After enzymatic modification of the receptor, the virus was 
then ready for the next step m the infection The significance of an adsorption 
of virus to the cell receptors seems estabhshed by the prophylactic effect of the 
“ receptor-destroying enzyme ” against influenza virus infection m eggs and 
mice (Stone, 1948a, 6) For the next step in the infection Fazekas and Graham 
(1949), however, very recently formulated a new hypothesis Fazekas (1949) 
showed that moderate doses of periodate modified the receptors of red cells and 
of cells lining the allantoic cavity of chick embryos He stated that virus ad- 
sorbed to modified cells could not elute, and as he was also able to show that 


virus could infect the allantoic cavity even if the receptors were modified, he 
concluded that the viral enzyme action on the receptors is not an obligate phase 
m the initial stages of influenza virus infection 

The inhibitor of the influenza virus haemagglutmation present in normal 
allantoic fluid has been described by the author in previous publications The 
bulk of the results are m keeping with the observations regarding other virus 
receptors as summarized above 

This inhibitor has been shown to be a particulate component that appears 
m the allantoic fluid m increasing amounts after the 7th day of incubation It 
seems, thus, that it is a product of cell activity, probably released cell receptors 
It is of particular mterest that the interaction between virus and inhibitor 
manifests itself macroscopically as a precipitation reaction, the combination 
phase, followed by dissolution of the precipitate, the elution phase It is remark- 
able that the precipitate, as studied in the stable form with inactive virus, i a lies 
in composition within wide limits, depending on the proportions of ac c e 


ingredients , , 

The observation that the inhibitor-destroying capacity fol ov s ie o ler 
activities of the virus particle through a two-cycle differential centrifuga ion 
strongly indicates that it is connected with the virus particle itself u as s ion 
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that the capacities of the virus particle (a) to infect, (b) to destroy the inhibitory 
activity and (c) to combine with the inhibitor or to haemagglutmate may be 
successively destroyed by suitable treatment 

Trypsin digestion of the inhibitor obviously causes an appreciable reduction 
in inhibitory activity Contrary to the previously cited observations, it was, 
howevei , found impossible to destroy completely the inhibitory activity, whether 
by increase of enzyme concentration or by prolongation of the incubation The 
reaction rate -was relatively rapid at the start and then progressively decreased 
Tins comcides with the assumption that the inhibitor substance is enzymatically 
bioken down Also there is nothing to indicate that the decrease of inhibitory 
activity is caused only by a block of the reactive groups through a combination 
of inhibitor and trypsin 

As an explanation for this phenomenon two possibilities immediately suggest 
themselves 

(a) Provided all receptor groups have a similar chemical structure, the trypsin 
digestion apparently causes a decrease only of their reactivity without complete 
loss of their capacity to combine with virus Evidence that there is such a 
modification of the receptor groups may be found m the observation that the 
tiypsm effect seems to be greater if measured wuth active virus than with inactive 
(Tables II and IV), which may indicate more rapid destruction of the inhibitor 
by the viral enzyme following trypsin treatment 

( b ) Another possibility is that the inhibitor effect refers to two or more ehemi- 
cally different substances with different resistance against trypsin digestion 
In this connection it may be pointed out that the inhibitor preparations used 
contained several components that could be differentiated by sedimentation 
analysis Although previous observations indicate that the inhibitory activity 
should be associated only with the so-called 200 S component, it seems not unlikely 
that these large particles might contain chemically different receptor groups 
Further investigation is obviously needed 

Treatment with penodate m concentrations above m/800 completely destroyed 
the combining capacity of the inhibitor Compared with the limited effect of 
trypsin, this indicates that carbohydrate is more essential than the protein part 
of the receptor complex 

The observations of Burnet (19486) and Fazekas (1949) that treatment wuth 
moderate concentrations of penodate modifies the receptor, rendering it non- 
digestible In 7 the viral enzyme, have been partially confirmed Treatment of the 
inhibitor with periodate within a low, very narrow concentration zone of penodate 
piolonged the time needed for dissolution of a precipitate of this modified inhibitor 
and active standard virus The dissolution reaction was, however, never com- 
pletely prevented , the reaction time was only prolonged As the precipitation- 
dissolution reaction in all other cases seems to reflect the course of the combina- 
tion-elution reaction between vinis and inhibitor, it may be assumed that these 
modifying doses of penodate, somehow, altered the inhibitor particles, rendenng 
them less sensible to the presumptive enzyme of the standard virus 

Actually, Fazekas (1949) showed only that no significant elution of virus 
took place m a penod of time that exceeded only slightly the time needed for 
elution m the controls The above data suggest that a much longer incubation 
might be needed for elution of vinis from modified receptors If, thus, the viral 
enzyme action is only retarded by modification of receptors, then the observation 
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of infection through modified receptors does not prove the dispensability of the 
vnal enzyme action on the receptors foi the initiation of influenza virus infection 
It is tempting to speculate about the implications of the fact that the periodate 
almost completely dissolved the precipitate while the active virus had only a 
limited effect 

If ive considei the special relationships m the virus-inhibitor complex, it is 
easy to visuahze how the small penodate molecules can gain access to the reactive 
sites of the inhibitor, whereas a similai effect of the large virus particle seems to 
require dissociation of the virus-inhibitor bonds Hirst (1949), on the basis of 
such considerations, arrived at the conclusion that the combination of inactive 
vnus and inhibitor represents an association-dissociation equilibrium The 
fact that in the experiments described above only a nnnor part of the virus was 
released suggests that certain of the bonds between virus particles and inhibitor 
might be stronger than others At any rate a complete dissociabihty of the 
inlubitoi -inactive virus complex seems unlikely 

SUMMARY 

Observations are reported regarding the modified course of the interaction 
between purified concentrates of influenza virus and the inhibitor of normal 
allantoic fluid bj r suitable treatment of the inhibitor 

Treatment of the inhibitor even with small amounts of active virus gradually 
destroys both the haemagglutmation inhibitory capacity and the capacity to 
precipitate with high concentrations of active or inactive viruses 

Sodium periodate m rather low concentrations also destroys the inhibitory 
and precipitating capacities of the inhibitor particles In a lower, very narrow 
concentration zone of periodate, however, the precipitate with active standard 
vnus was foimed as usual, but its dissolution took a longer time 

Proteolytic enzymes, as crystalline trypsin and ficm, on the other hand, even 
m relatively high concentrations fail to abolish the capacity of the inhibitor 
particles to precipitate with active or mactive viruses, the precipitate with active 
virus ledissolvmg m a typical way when mcubated Correspondingly, trypsin 
diminishes the haemagglutmation inhibitory capacity only to 5-25 per cent of 
the ongmal 

A stable precipitate of inactive virus and inhibitor could be partly dissolved 
by treatment with low concentrations of active virus or periodate Penodate 
released about 2/3 of the haemagglutinins from a fresh complex, only a small 
part of the precipitate remaining Active virus left the precipitate at roughly 
the same level, only about 1/4 of the haemagglutinins being released 

The author is indebted to Prof Sven Gard for valuable advice and criticism 
m this work 

This investigation was aided by a grant from the Swedish Medical Research 
Council 
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It lias been shown that a cirrhosis, resembling human cirrhosis of the Laennec 
type, can be produced in experimental animals by abnormal diets (Glynn, Hnns- 
wortli and Lindan, 1948 , Wain, 1949) On the other hand, Cameron and 
Karunaiatne (1936) and Sternberg and Martin (1946) have shown that the experi- 
mental cirrhosis of the hver may, m its reversible stage, end in complete anatomical 
lecovery These facts gave rise to the hope that appropriate dietetic treatment 
might be successful m human cirrhosis It is now well known that the ingestion 
of a suitable diet and hpotropic substances frequently exerts a favourable effect 
on human cinhosis, which can be confirmed histologically Unfortunately, the 
same therapy may fail completely m other, occasionally not advanced eases 
These facts indicate, in our opimon, that cirrhosis of the liver is not invariably 
a deficienc}' disease, but that other factors can play a part m its aetiology 

One of us (B K ) assumed as early as 1942, independently of English (Cameron, 
Milton and Allen, 1943) and American authors (Wells, Humphrey and Coll, 1942), 
on the basis of the changes found m the hver of persons who had suffered burns 
and been treated v ith tanmc acid, that tannic acid had a hepatotoxic effect He 
admimstered tannic acid solution parenterally to experimental animals and found 
cential acmar necrosis m the livers of those animals which died after 24 to 26 
hours Vascular phenomena simulating the pattern of a serous hepatitis may be 
obserred before the development of the parenchyma] lesion (Korpdssy, 1949) 
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The hepatotoxic effect of tannic acid having been proved, the question of what 
effect the pro ti acted treatment with sublethal doses of tannic acid would have 
on the liver arose, knowing that acute poisoning leads to central acinar necrosis 


EXPERIMENTAL METHODS 

Twenty white rats aged about 3 months were used Their average weight 
was 112 g , varying between 90 g and 130 g Male and female animals were 
used , they were all of the same strain, the origin of which was not known 
The animals received a mixed diet of waste food from the hospitals, consisting 
mainly of milk-bread, potatoes, farinaceous food and sometimes fresh curd 
No accurate diet could be maintained, so white rats, untreated or used for other 
experiments, were kept on the same diet and served as controls Changes in the 
liver parenchyma could not be found either in the untreated rats or m those 
employed m other experiments, whether they died or were killed, though several 
animals were rather old at the time of the examination The untreated animals 
grew and reproduced normally on this diet 

Treatment 

All rats were given 10 mg of tannic acid on days 1, 3, 5 and 7 of the experi- 
ment On days 9, 10, 15, 17, 19, 29, 51 and 53 the dose given was 20 mg , on days 
60, 61, 93, 102, 109, 114 and 116 the dose was 30 mg , on days 65, 69, 84, 118, 
123, 126, 132, 137 and 142 the dose was 40 mg , on days 147, 153, 159, 165, 
172 and 194 the dose was 50 mg , on days 200 and 208 the dose was 60 mg , and 
on day 215, 70 mg were given The tannic acid was administered subcutaneously 
as a 1 per cent solution for the first 10 doses, and thereafter as a 2 per cent 
solution Tour animals died on day 19, -2 on day 29, 2 on day 31, 1 on day 34, 
2 on day 39, and 1 on each of days 70, 71, 85, 94, 217 and 232 On each of days 
69, 141 and 195 a rat was killed The average weight fell from 112 g to 96 g in 
19 days On day 39 the average weight was 120 g , on day 69 it was 152 g , 
on day 102 it was 175 g , on day 137 it was 187 g , on day 166 it was 176 g , on 
day 190 it was 180 g , and on day 210 it was 195 g 

Necrosis occurred at the site of the subcutaneous injections after the 20th day, 
and ulcers 2 to 3 cm diameter were left after separation of the necrotic tissue 
All the ulcers healed without special treatment, and no inflammation of their 
margins or m the deep layers was observed In no case could the death of the 
animal be attributed to these local processes 

All the animals were dissected as soon as possible The organs of 18 rats 
were examined , 2 rats which died on days 19 and 39 had been devoured by the 
others 


Gross and microscopic changes m the liver 

In order to obtam a clear picture of the changes due to the prolonged treat- 
ment the animals were grouped according to the time of their ea 
group contained the animals which died up to the 39th day , e se ^°™ £ 
contained those which died between days 69 and 94 , the animals m the third 

group survived 100 days 
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Group I (9 rats) — The liver was slightly swollen, with a smooth surface, and 
had the structure of nutmeg liver in miniature Histological examination 
showed a varying degree of central breakdown of the lobules The debris had 
for the most part been removed and its place taken by red cells, resulting from 
dilatation or rupture of the central vein and neighbouring smusoids In the 
livers of those animals that died between 20 and 26 hours after the last treatment, 
karyorrhexis of the central cells could be seen In the peripheral zone of the 
lobules the normal radial structure had disappeared The liver cells were 
generally enlarged, nevertheless they displayed striking variations m size, and 
there were numerous cells m which both the cytoplasm and the nucleus were 
enormously enlarged (Fig 1) In addition, double nuclei and cell divisions could 
be seen The nuclear staining was uneven , liver cells with pale vesicular .-nuclei 
were interspersed with others whose nuclei were hyperchromatic and pyknotic 
Not infrequently round acidophil inclusion bodies could be seen m the vesicular 
nuclei Large vacuoles appeared m the cytoplasm of some cells, but fat in small 
droplets could rarely be demonstrated in the sections with Sudan III In some 
cases where there had been central haemorrhagic necrosis, accumulations of haemo- 
sidenn were present in the parenchymal cells In other cases the cells contained 
light yellow granular bile pigment 

There were other changes deserving attention As early as the 19th day 
there were m the sections small or medium-sized elongated cells with a bright 
sta inin g nucleus, and these cells were more numerous m the livers of the animals 
which died later These cells were arranged m short or long columns and strands 
between the remaining cords of liver cells Sometimes they were situated on 
one side of the dilated central vem like a crescent or cap and they seemed to invade 
the liver tissue from here As a rule, the number of these cells was increased m 
the periportal tissue also 

The behaviour of the reticulum as shown by GftmOn’s impregnation was 
rather characteristic Initially, the fibrous meshwork was collapsed in the region 
of the central acinar necrosis and broken to pieces on the periphery (Fig 4) 
Later on, after the 30th day, the primary thickening of the reticulum fibres could 
be seen, mainly around the central veins, and to a lesser degree around the inter- 
lobular vessels (Fig 5) 

Group 2 — In 2 of the 5 rats belonging to this group (they died on days 71 
and 85 respectively) the gross changes were well marked The liver was enlarged 


EXPLANATION OF PLATES 

Fig 1 Rat T/ll Treated with 180 mg tannic acid administered m 11 doses Died on 
29th day Haematoxylm and eosin X 210 

Fig 2 — Rat T/6 18 injections, total 400 mg tanmc acid Died on 85th day Haematoxylin 

and eosm x 360 

Fig 3 — RatT/18 2S injections, total 750 mg tannic acid Killed on 141st day 
Haematoxvhn and eosm x 54 

Fio 4 — Rat T/ll 10 injections, total 160 mg tannic acid Died on 19th day GomSn's 
reticulum stam X 57 

Fig 5 — Rat T/13 Treated with 180 mg tannic acid administered in 11 doses Died on 
31st dni GomSn’s reticulum stam. X 57 

Fig 6 — RatT/5 16 injections, total 320 mg tannic acid Died on 69th day Gomon/ 

reticulum stam X 57 

Fig 7 — Rat T/18 28 injections, total 750 mg tannic acid Killed on 141st day GomSn’s 

impregnation X 57 s 

Fig S — Rat T/19 38 injections, total 1280 mg tannic acid Died on 217th day 
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and firm with its surface finely and evenly granular, especially when seen \uth a 
lens The breakdown of the architecture of the liver was conspicuous m all 
cases and the polymorphism of the liver cells was more marked than in Group 1 
The elongated cells mentioned under Group I were present m enormous numbers 
and not infrequently they formed thick strands extending from the centre of one 
acinus into another In other places these cells were oval or flattened and here 
and there formed wreath-hke structures 

The bile ducts were invariably increased in numbers, and groups of 8 or 10 
were sometimes found between the lobules or in the interior of the disintegrated 
lobules These bile ducts, some of which had no apparent lumen (Fig 2), were 
often suriounded by the elongated cells previously mentioned The reticulum 
fibres were likewise mcreased in numbers and thickened The gradual transfor- 
mation of the architecture of the liver could be followed well m sections stained 
by GOmbn’s impregnation, a method which demonstrates the liver cells m addition 
to the leticulum The thickened and more numerous reticulum fibres, for min g 
strands of varying thickness, delineated and clearly indicated the irregular 
disintegrated lobules, and here and there surrounded groups of surviving hver 
cells (Fig 6) 

Sections of the hver of the rat which died on the 85th day, stained by van 
Gieson’s method, showed collagen fibres m some of the thickened strands of con- 
nective tissue Traces of fat and glycogen could also be found 

Group) 3 14 animals) — In 3 animals (treated for 141, 195 and 217 days respec- 
tively) it was obvious on external examination of the hver that it was diseased 
The surface was finely and evenly granular, the greyish-brown nodules about the 
size of millet seeds were sharply defined and were separated by dark coloured 
furrows (Fig 8) The cut surface showed that the granularity extended uniformly 
throughout the organ 

The histological picture was very similar to that of human cirrhosis of the 
Laennec type The nodules corresponded to groups of hver cells surrounded by 
bands of connective tissue of varying thickness These nodules are pseudo- 
lobules , the hepatic cells are not arranged in any definite fashion, and there is 
no central vein or the vem of the lobule is situated at the periphery (Fig 3) 
The cells constituting these pseudo-lobules were markedly polymorphic, but the 
endothelium linin g the rather wide sinusoids appeared normal The pseudo - 
lobules had a delicate reticulum meshwork, m sharp contrast to the coarser 
surrounding fibres (Fig 7) The small elongated cells were increased in number 
only in the environment of the hver cell groups In two cases the proliferation 
of the bile ducts resulted in structures resembling adenomas 

Tn the hver of the rat which survived all the others, moderate fibrosis v as 
present, but the characteristic distortion of the architecture was absent 


RESULTS 

Histological examination has shown that the protracted parenteral adminis- 
tration of tannic acid results in a gradually progressive destruction of the hver 
parenchyma and transformation of its architecture In the early s ages irea 
down and subsequent regeneration of the hver cells are the most sinking features, 
direct and indirect cell divisions may be seen m the rnargma ce s o \ ^ 

while other nuclei are, owing to their inner division, enormous y en arg < B 
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in the reticulum seem to be a good measure of the degree of transformation of the 
liver architecture During the first week or two the reticulum fibres are moder- 
ately thickened and mcreased m numbers, particularly around the central 
vems By the 70th day the increase and thickening of the reticulum is con- 
siderable and the broken down hver parenchyma is interwoven by strands of 
reticulum of varying thickness which spht off pieces of varying size and shape 
from the lobules At the same time the proliferation of the bile ducts sets m 
This stage corresponds, m our opinion, to an early cirrhosis or precirrhosis 

In rats which survived 100 days of treatment the architecture of the hver 
was already distorted or completely transformed The remnants of the paren- 
chyma form round nodules of various sizes surrounded by a connective tissue 
meshwork containing collagen The proliferation of the bile ducts simulates 
adenoma at many places The changes seen m the hver of the rat killed on day 
141 correspond to a diffuse fibrosis indistinguishable from the classical pattern 
of portal (Laennec) cirrhosis 

We attribute a particular role m this transformation of the hver structure 
(tannic acid cirrhosis) to the small elongated cells which were observed initially 
in small, later m gradually increasing, numbers These cells are, m our opinion, 
of reticulo-endothehal origin and thej^ seem to play some part other than reticulum 
formation Our serial sections seem to indicate that these small immature cells 
may develop into bile ducts (l e epithehal cells of the bile ducts) and also occa- 
sionally those small hver cells which could be found m their environment The 
presumption may be warranted that this strong hepatotoxic compound, or perhaps 
the repeated destruction of the parenchyma, has the sequel that the remaining 
reticulo-endothelium takes on the pluripotential properties of the embryonal 
mesenchyma 


DISCUSSION 

There are numerous papers m the literature dealing with the experimental 
production of cirrhosis Besides the purely dietetic procedures mentioned m 
the introduction to this paper, there are many organic and inorganic substances — 
drugs, tar-like materials, proteins and their decomposition products, bacterial 
toxins, etc — which produce hver lesions when administered to .experimental 
animals (Moon, 1934) The results of these experiments are not quoted here 
as the lesions reported are quite unlike the classical human cirrhosis of Laennec 
type 

Mallory (1925, 1933 , Mallory and Parker, 1931) was engaged m the problem 
of the aetiology of cirrhosis of the hver for several decades Having ruled out 
ethyl alcohol as exclusively responsible, as other authors such as Priedemvald 
(1905) had also done, he performed extensive experiments to examine the effects 
of those substances which might contaminate alcohohc beverages He examined 
more than 30 substances, including copper, lead, aluminium, antimony, zmc, 
arsemc, sulphates, furfurol, turpentine, and creosote Ultimately, on the basis 
of his experiments m 1933 with phosphorus, he claimed that Laennee’s cirrhosis 
was due to the contamination of beverages with phosphorus However, the 
experimental phosphorus cirrhosis produced by Mallory bears little relation to 
human cirrhosis of the Laennec type 

There are, m fact, not many chemical substances capable of producing cirrhosis 
m a strict sense m ammals Beattie and Dickson (1948) hold that manganese 
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and its salts belong to the small group of substances winch produce a hepatic 
lesion resembling human cirrhosis (Findlay, 1924 , Hurst and Hurst, 1928) 
Many authors have of recent years been concerned with the effect of carbon 
tetrachloride (Cameron and Karunaratne, 1936 , Sundareson, 1942 , Ungar, 
1945 , and others) Ashbum, Endicott, Daft and Lillie (1947), unlike the other 
authors, contend that the first alteration due to carbon tetrachloride is prolifera- 
tion of the connective tissue around the central veins Since the discovery of 
Kinoshita (1937) attention has been directed to the cirrhogemc and carcinogenic 
effect of the azo dyes, especially butter yellow The combination of different 
agents has proved more effective than the apphcation of the individual substances 
(Moon, 1934) 

Having compared the histological changes resulting from the protracted 
subcutaneous apphcation of tannic acid, butter yellow, and other substances it 
appeared to us that the cirrhoses produced by carbon tetrachloride and butter 
yellow bore the greatest resemblance to tannic acid cirrhosis The cirrhoses 
due to tannic acid and carbon tetrachloride may have a similar histogenesis, for 
m both the transformation of the architecture of the liver seems to start from 
the centre of the lobules Nevertheless, wherever the process which results m 
diffuse fibrosis may begin, the final pattern cannot be distinguished from that of 
classical portal cirrhosis, as has recently been stressed with regard to dietetic 
cirrhosis (Glynn, Himsworth and Lmdan, 1948) 

Finally, the question arises whether the various substances which can pioduce 
cirrhosis in experimental animals play any part m the genesis of human cirrhosis 
The majority probably play no part, but no definite opinion as to the aetiological 
role of tannic acid can be formed for the time being Further investigations 
are being carried out in order to answer, amongst others, the following questions 
(1) Have the skin necroses and ulcerations, which inevitably occur with the sub- 
cutaneous apphcations of tannic acid, any influence on the development of the 
cirrhosis ? (2) Is the effect of oral administration identical with that of injection ? 

In any case, we feel that the recognition of the fact that tannic acid can produce 
cirrhosis m experimental animals opens up a further fine of investigation into 
this disputed problem 


SUMMARY 


1 The authors have produced diffuse nodular fibrosis of the fiver m rats 
by the prolonged subcutaneous administration of tannic acid at various intervals 

2 As a result of the repeated administration of tannic acid, a gradual break- 
down of the parenchyma and a progressive transformation of the fiver architecture 
takes place The first sign of this process is an increase of the reticulum around 
the central veins, correspon din g with the central acinar destruction of the paren- 
chyma 

3 By the 70th day of treatment fibre strands connecting adjacent lobules 
have been developed, and at the same time the regenerative proliferation of the 
bile ducts becomes conspicuous (precirrhosis) 

4 The picture observed on the 141st day was indistinguishable from c nssica 

portal cirrhosis (Laennec type) , , . , , 

5 All rats dying between days 69 and 94 of the treatment de\e ope ci 
corresponding to precirrhosis, whereas in 3 of the animals sunning uu- 
a diffuse nodular cirrhosis was apparent on gross examination 
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THE KAOLIN- ADSORPTION METHOD FOR THE QUANTITATIVE 
ASSAY OF URINARY GONADOTROPHINS 
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The concentration of gonadotrophic substances in normal male and female 
urine is so low, that for their assay concentrated extracts must be prepared, 
freed from toxic substances and other hormones, especially -oestrogens and 
androgens It has been found that the gonadotrophic substances of menopausal 
or castrate urine, and probably of normal urine as well, are more susceptible 
to any drastic extraction process than those of pregnancy urine For example, 
60 per cent acetone conta inin g 4 per cent ammonia destroys the menopausal 
hormone but not the pregnancy hormone (Evans and Simpson, 1934) * Therefore, 
mold methods of extraction must be used 

Crude extracts may be prepared by the original alcohol-precipitation method 
of Zondek (1930) as modified by Leonard and Smith (1934), Frank, Salmon and 
Friedman (1934), Heller and Heller (1939), Heller and Chandler (1942), Frank 
and Berman (1939) and Frank (1939), Yamey and Koch (1942) and many others, 
by the tannic precipitation method elaborated by Levin and Tyndale (1936, 
1937) or by the method involving adsorption on benzoic acid originated by 
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Katzman and Doisy (1932, 1934) The extracts prepared by these methods 
cannot be injected into an animal in the doses equivalent to large amounts of 
urrne, as is necessary with normal male or female unne, unless their toxicity is 
reduced Some detoxicating procedures, such as dialysis, decrease not only 
the toxicity of the extract but also the activity The ultrafiltration method 
(Jungck, Maddock and Heller, 1947) seems to be even less efficient quantitatively 
than the alcohol-precipitation-dialysis procedure 

Scott (1940), for purposes of biological pregnancy diagnosis, adsorbed the 
chononic gonadotrophin m diluted unne on kaolin Water soluble toxic sub- 
stances, such as excess of inorganic salts (Mam, 1939), remained m the- discarded 
supernatant The hormone was extracted from the kaolin precipitate with 
alkali and after acidification injected into rabbits, mice, or toads This method 
has been adopted to the assay of gonadotrophins m normal male and female 
unne The proteins in the alkaline extract were freed from steroids by precipi- 
tation with acetone after acidification The final, relatively non-toxic, crude 
concentrate of any urine can be quantitatively bioassayed, the yields being 
apparently sufficient to make further purification, isolation and standardization 
more practicable 


METHODS 

Extraction of urinary gonadotrophins 

There are three steps in the method used adsorption of the hormones from 
diluted unne with kaolin at pH 4 0, extraction of the hormones from the kaolin 
by x/10 NaOH and precipitation of the hormones by cold acetone, the precipitate 
bemg washed with ether 

In preliminary work to identify the gonadotrophic effects, 1 litre of unne 
was taken from a fresh 24-hour (or on some occasions 48-hour) specimen, diluted 
with an equal volume of distilled water and acidified with 20 per cent HC1 to 
pH 4 0 (glass electrode) Well-shaken 20 per cent aqueous suspension of kaolin 
B D H washed with acids (2 5 g of kaolin per 100 c c of native unne) was added 
to the unne, the mixture bemg shaken vigorously on the shaking-machine for 
1 hour and then allowed to stand for a few hours When the kaolin had settled 
down, the clear supernatant was syphoned off and the kaolin suspension trans- 
ferred to round-bottomed centrifuge tubes and centrifuged at 2500-3000 rpm 
for 10 nun The supernatant fluid was poured off and the kaohn-precipitate 
carefully ground up with n/ 10 NaOH (6 c c per 100 c c of original urine) until 
the suspension became homogeneous and free from all lumps The alkaline 
kaolin-suspension was then centrifuged for 10 mm at 3000 rpm and the super- 
natant fluid (about 70 c c in volume), containing gonadotrophins, was collected 
and acidified to approximately pH 5 5-6 0 with 20 per cent HC1, drop bv drop 
Five volumes (about 350 c c ) of cold acetone were added to the extract, shaken 
vigorously and centrifuged for 10 min at 3000 rpm, the acetone being decanted 
and the precipitate washed with ether (pro narcosi) and dried for at least 1 hour, 
m a vacuum desiccator m the presence of P 2 0 5 and H^SOj To renim e t ic 
last traces of the solvents the precipitate was dried for 24 to 48 hours in a \ acuum 
desiccator yielding “ crude gonadotrophins,” a brown-coloured aniorp toil* 
solid weighing up to 400 mg per litre of unne For quantitative n ‘ 5t ’ a 3 s 10 
total 24 hour urinary specimen was used and extracted likewise 
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For the injection the fresh precipitate or “ crude gonadotrophins ” were 
suspended or dissolved in 5 c c or more 0 9 per cent saline, 1 c c of the extract 
(adjusted if necessary to approximately pH 6 0-6 6) bemg equivalent to 200 c c 
or less of urine Usually both the preparation and the first injection of the 
fresh extract were accomplished on the same or on the next day 

Identification of gonadotrophins 

Only normal immature 21 -day old albino rats from Wistar stock, fed on an 
Aberdeen standard diet, were used For the purposes of the experiments, no 
attention was paid to the fitters The extracts were tested for their primary and 
secondary effects on the weight of the ovaries, testes, uterus, prostate and seminal 
vesicles In each ammal the organs were exammed macroscopically, and usually 
microscopically and vagmal smears were earned out in all female rats The 
extracts were injected subcutaneously mto groups of five rats m three equal 
doses spread over three days, unless the contrary is stated The vaginal smears 
were exammed five times within 72 to 120 hours after the first injection On 
some occasions at this time female rats were vitally stained with 2 c c 2 per 
cent trypan blue injected subcutaneously 

Male rats were killed 72 hours and female 120 hours after the first injection, 
the reproductive organs bemg fixed m Bourn’s fluid overnight and then dissected, 
drained on filter paper and weighed on a torsion balance Before weighing, 
the ovaries and testes were decapsulated and the uten were cut off near the 
cervix and the oviduct, and the mtra-utenne fluid if present squeezed out The 
lobes of the prostate were separated from the urethra and the whole prostate 
was weighed, the seminal vesicles bemg dissected and weighed separately At 
necropsy the weight of the control and treated animals was from 35 to 50 g 
For the average weight of dissected organs see Tables I and II 

The morphological effects of the concentrates of urine were compared by 
complete sections of both the experimental and control gonads The other 
organs, fixed already m Bourn’s fluid were also cut m serial paraffin sections 
The haemalum-eosin method and azocarmine-anilme blue and orange-G method 
were used for general microscopic examination The contrast staining for 
study the ovaries of the rats vitally stamed with trypan blue was carried out with 
an aqueous solution of saframn 

Quantitative bioassay 

Mouse utenne technique (Levin and Tyndale, 1936, 1937) was adopted 
Normal unmature 21-day old female mice weighing from 7 to 10 g were used 
The extracts were injected subcutaneously once daily up to 0 6 c c at 24 hour 
intervals on three consecutive days The animals were killed 72 hours after 
the first injection, the uterus bemg removed, dissected, freed from mtra-utenne 
fluid by pressure between pieces of filter paper, and while fresh weighed on a 
torsion balance At necropsy the ovanes were exammed and on some occasions 
also dissected and weighed Two to five mice were used on each dosage level 
The weight of lolled annuals was from S to 12 g For the average weight of 
dissected organs see Tables III and IV 

The mouse (uterus) unit was defined as the amount of activity to produce 
72 hours after the first injection a 100 to 150 per cent increase over the controls 
m the average utenne weight of those treated with extract. 
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Recovery experiments 

These experiments tested the recovery from 0 9 per cent saline and fiesh 
unne of a normal girl of added “ crude gonadotrophins ” from the urme of post- 
menopausal women The final dried postmenopausal precipitate weighing 
3 82 42 mg was dissolved in 18 cc of distilled water and divided mto three 
portions each of 6 c c m volume One portion served as a standard preparation 
the second was dissolved m 100 c c of 0 9 per cent saline and the third m 100 c c 
of urme, m which the actual gonadotrophin content was determined Both 
the sahne and urinary specimens with the postmenopausal gonadotrophins 
added were put through the kaolin adsorption procedure and then the repreci- 
pitated gonadotrophins dissolved up to the ongmal volume of 6 c c of 0 9 per 
cent sahne and quantitatively assayed m comparison with the ongmal gonadotro- 
phin content of both the postmenopausal and normal girl urme 


RESULTS 

Effect of urinary gonadotrophins on immature rats 

The average results of these experiments are given in Tables I and II The 
microscopic changes are shown m Fig 1 to 11 The figures representing the 
average of the number of rats and their responses on each dose level shows the 
reliability of the results obtained with the kaohn-adsorption method as compared 
with other methods 


Table I — Response of Female Reproductive Organs m Normal 
to Concentrates of Urinary Gonadoti ophins 



Subjeot, 

Sex, Age 

CM) -- male 
(F) = female 


Treatment 


No 

rats 

Total 
dose 
c c 

Equiva- 

lent 

of 

urine 

Vaginal 
smeare* 
+ ,±,— 



20 

5 


c 0 


w 

(F) 60 

0 6 

60 

± 



5 

1 6 

160 

+ 



5 

2 0 

200 

+ 

s 

(F) 72 

6 

i esc 1 ) 

200 

+ 

G 

(F) 66 

6 

2 0 

200 

+ 

M 

(F) 73 

1 

i or-) 

200 

+ 



1 

1 5H 

300 

+ 



5 

2 0(*> 

400 

+ 

L 

(M) 17 

5 

0 6 

60 




6 

1 0 

100 

— 



4 

1 6 

160 

± 



5 

2 0 

200 

+ 

A 

(F) 22p) 

5 

2 0 

200 

± 

B 

(F) 20( 3 ) 

6 

2 0 

200 

± 

R 

(F) 16( 3 ) 

5 

2 0 

200 

± 


Necropsy 
Mean weight of 


Body 

Utenis 

Charles 

g 


mg 

mg 

48 

7 

18 

8 

10 

6 

48 

0 

57 

6 

20 

0 

49 

4 

73 

0 

35 

0 

36 

2 

78 

6 

42 

2 

48 

0 

84 

0 

44 

6 

47 

8 

80 

0 

40 

6 

40 

0 

80 

0 

40 

0 

40 

0 

86 

0 

48 

0 

36 

0 

83 

3 

50 

0 

47 

4 

18 

0 

10 

6 

46 

2 

22 

4 

11 

0 

40 

o 

26 

7 

12 

8 

38 

6 

47 

8 

17 

6 

45 

8 

34 

S 

23 

0 

45 

S 

28 

0 

19 

o 

45 

4 

42 

8 

22 

4 


Immature Rats 


Increase 
over controls 


Uterus 

Charles 

per cent 

per cent 

205 3 

88 6 

288 2 

230 1 

318 0 

279 2 

346 8 

320 7 

325 5 

283 0 

325 5 

277 3 

352 1 

352 8 

343 0 

371 7 

19 1 

3 7 

42 0 

20 7 

154 2 

66 0 

85 I 

116 9 

4S 9 

SI 1 

127 4 

III 3 


( l ) 24 hour output = 826 c c _ . c 

( : ) Precipitate diluted in 5 c c 0 9 per cent saline Five injections within 3 dms SiwJ- 
results for 1 0 and 15cc 

( 3 ) Nullipara with regular menstrual cvcle No samples collected 1 on the days 1 mid 1 3 and 
20 and 21 after the beg innin g of menses in order to avoid am interference of increased gonadotropin:, 
content (d’Amour, Funk and Lnerrnan, 1939 , Levin, 1941) 

* Corrufied cells (only) in none ( — )» in some ( rr )» m ' 
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Table H — Response of Male Reproductive Organs in Normal Immature Rats 
to Concentrates of TJrmary Gonadotrophins 


Subject, 
Sex, Age 
QI) — male 
(F) =■ female 


R (F) S( 1 ) 

T (F) 70 
L (M) 17 


Treatment 


Xo 

Total 

dose 

cc 

Equiva- 

lent 

of 

unne 

cc 


ATean weight of 


over controls. 

rats 

Body 

g 

Testes 

mg 

Pros 

tate 

mg 

Semina] 

vesicles 

mg 

Testes 
per cent. 

Pros 

tate 

per cent 

Seminal 
ve-Icles 
per cent 

10 

— 

— 

U S 

156 0 

29 S 

7 2 







5 

0 5 

50 

37 S 

160 S 

33 8 

9 0 

3 0 

13 4 

25 0 

5 

1 0 

100 

43 S 

216 6 

51 S 

10 4 

39 0 

73 S 

44 4 

5 

2 0 

200 

47 0 

310 4 

85 4 

25 0 

99 0 

1S6 5 

233 3 

4 

2 0 

200 

42 0 

308 5 

56 5 

8 5 

96 4 

S9 5 

IS 0 

5 

2 0 

200 

36 0 

240 0 

51 6 

12 6 

53 S 

73 1 

75 0 


( l ) Patient with periodical agranulocytosis 


Increasing doses give increasing effects on immature gonads as veil as on the 
uterus, prostate and sennnal vesicles Ovarian freight followed uterine weight 
with eveiy extract of both the postmenopausal and normal male or female unne 
But, while the uterine weight appears first to nse to a peak and then come to 
a stop at some level which may or may not represent an optimal value, the ovarian 
weight rose progressively These responses were similar to those due to injection 
of pituitary extract but not to those due to injection of pregnancy unnary extract 
However, it Mill be seen that this interpretation might be incorrect if compared 
with morphological results 

The nncroscopic exannnation of reproductive organs and of vaginal smears 
of the animals injected with large doses of extract showed a usual]}- increased 
growth and activity of those organs With the equivalent of 200 c c of unne 
the enlargement of the ovanes was chiefly due to an increase in the numbei of 
developing follicles (Fig 1 and 2) An ovanan response was observed within 
120 hours bj r winch time an enormous number of mature uniform follicles 
developed, but only to degenerate (Fig 3) Many follicles reached almost 
simultaneously the Graafian preparatory stage to ovulation, but the actual 
rupture did not occur All large follicles showed advanced degenerative changes 
involving the destruction of the ovum by pyknosis and chromatolysis Some 


EXPLANATION OF PLATES 

Fig 1 — The ovary of immature rat injected with concentrate equivalent to 200 c c of urine of 
a girl with periodical agranulocytosis ( X 20) 

Fig 2 — The oi ary of immature rat injected with concentrate equn alent to 200 c c of post- 
menopausal urine ( X 20) 

Fig 3 — High power view ( x 300) of section shown m Fig 1 

Fig 4 — Ovanan follicle of immature rat injected with concentrate equn alent to 200 cc 
of postmenopausal unne, showing macrophages containing trypan blue ( X 265) 

Fig 5 — The ovary of immature rat injected with concentrate equivalent to 400 c c of post- 
menopausal unne ( x 20) 

Fig 6 — High power view ( x 215) of section shown m Fig 5 

Fig 7 — Se minif erous tubules of immature rat injected with concentrate equivalent to 200 c c 
of normal male unne ( X 230) 

Fig S — Seminiferous tubule of immature rat injected with concentrate equivalent to 200 c c 
of postmenopausal unne ( x 365) 

Fig 9 — Cervical epithelium of immature rat injected with concentrate equivalent to 400 c c 
of postmenopausal unne ( x 265) 

Fig 10 — Cornual epithelium of the same rat (Fig 9) ( X 365) 

Fig 11 — Ventral lobe of prostate of immature rat injected with concentrate equivalent to 
200 c c of postmenopausal unne ( X 320) 
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ova liad become detached from the cumulus and lay free in the antrum, m some 
a polar spindle being present Cytolysis of the granulosa was observed, the 
fragments being dispersed into the liquor of the follicles which occasional]}" v ere 
almost deprived of granulosa by this process Some follicles contained macro- 
phages packed with fragments of nuclear debris and with trypan blue if the annual 
was vitally stained (Pig 4) No corpora lutea were found Only a few primary 
follicles containing 2 to 7 layers of granulosa cells remained unchanged beneath 
the tumca albuginea It was found difficult to differentiate the interstitial 
cells (gland) as such With the equivalent of 300 to 400 c c of urine a definite 
thecal luteimzation in various phases was observed The theca interna thickened, 
the lumina of some follicles bemg rapidly vasculanzated and obliterated (Fig 
5 and 6) 

The enlargement of testes was chiefly due to the development of seminiferous 
tubules with active spermatogenesis, but again with large doses degeneration 
occurs within 72 hours Some tubules showed perfectly normal stiucture 
There was a layer of spermatogomal cells followed by a layer of spermatogonia 
in various stages of meiosis, followed again by spermatocytes showing first stages 
of spermteleosis (Fig 7) Spermatogenesis was never seen to end m production 
of fully differentiated sperms On the other hand, some tubules showed a com- 
pletely different picture Near to the basilar membrane there were Sei toll’s 
cells m usual number and between them spermatogonia, all having nuclei in 
resting state none of these bemg of the next stages of spermatogenesis (Fig 8) 
In the lumina of those tubules there was seen an eosinophylic fibrinous irregular 
framework which resembled the syncythial structure of Sertoli’s cells No 
significant changes were observed m the interstitial cells of Leydig 

The uterus, prostate and seminal vesicles were much enlaiged, the uterus 
occasionally distended with fluid achieving sometimes a 10- to 12-fold size The 
most interesting feature observed was a stimulated growth of the cervical epi- 
thelium (Fig 9) and a marked enlargement of cornual glands (Fig 10) The 
prostate and seminal vesicles showed an active secretory state close to sexual 
maturity as judged by distension of the lumina and the hght areas (More, 
Price and Gallagher, 1930) typical of the normal secretory cells of Bourn-fixed 
ventral prostate (Fig 11) and the tall columnar epithelium and heightened folds 
of the seminal vesicles With the technique used, the typical “ secretion gran- 
ules ” of the active cells of seminal vesicles (Moore, Hughes and Gallagher, 1930) 


were almost undistmguishable 

Tho release of oestrogen was m addition indicated by the vaginal changes 
and smears The immature vagina opened regularly 4 or 5 days aftei the first 
injection of large doses with a pro-oestrus smear which changed to a cornifiecl 
type 

The morphological changes observed indicate that both folhcle-stimu atmg 
and luteinizing effects were present m those animals and that wi 
urinary concentrates at the same tune both follicle stimulation an o i * 
atresia in various phases were produced, and m the testes the sper g 
suppressed 


Quantitative bioassay f 

The results confirm that the mouse uterus is muc i ronlnm 

postmenopausal and normal (male or female) unnan g 


to both 
than tin 
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Table III — Quantitative Assay of Normal TJnnary Gonadotrophins in the 

Immature M-ouse 


Subject, 

Sex, Age 

Ol) «= male 
(F) = female 

24 hour output 
c c 

No 

mice 

Treatment 

Equiva- 
Total lent 

dose of 

c o urine 

c c 

Necropsy 
Mean weigh: 

Body Ovaries 
g mg 

t of 

Uterus 

mg 

Increase 
over controls 

0\ aries UtcniV 
per cent per tent 

Mouse 
uterus 
unit per 
24 hour 
output 
MUU 


10 

- 

— 

— 

- 

10 

6 

4 

2 

5 

8 






_ 


(F) 65 (950) 

2 

0 

045 

1 

8 

9 

6 

4 

5 

6 

0 

7 

1 

3 

4 



5 

0 

060 

3 

2 

9 

5 

6 

0 

11 

6 

19 

0 

100 

0 

300 


5 

0 

075 

3 

9 

11 

1 

6 

2 

14 

0 

23 

8 

141 

3 



4 

0 

090 

4 

7 

10 

0 

6 

4 

28 

7 

28 

5 

394 

8 



3 

0 

120 

6 

3 

11 

0 

6 

0 

35 

0 

42 

8 

603 

4 


(F) 70 (910) 

5 

0 

150 

7 

6 

9 

3 

5 

9 

30 

8 

40 

4 

431 

0 



6 

0 

225 

11 

4 

9 

4 

9 

4 

54 

0 

123 

8 

831 

0 



5 

0 

300 

15 

2 

9 

4 

9 

8 

58 

8 

133 

3 

913 

7 



5 

0 

460 

22 

7 

9 

7 

10 

6 

61 

8 

152 

3 

965 

5 



5 

0 

600 

30 

3 

9 

6 

12 

0 

62 

4 

185 

7 

976 

8 



6 

0 

900 

45 

5 

10 

0 

13 

8 

63 

0 

228 

5 

986 

2 


(M) 17 (1100) 

3 


0 3 

18 

3 

11 

0 

— 


16 

0 

— 

- 

158 

6 

60 


4 


0 6 

36 

7 

11 

2 

— 


24 

5 

— 

- 

324 

1 



4 


0 9 

65 

0 

11 

0 

— 


27 

2 

— 

- 

368 

9 



2 


1 2 

73 

3 

11 

0 

— 


37 

0 

— 

- 

537 

9 



2 


1 8 

110 

0 

11 

5 

— 


43 

6 

— 


650 

0 


(F)(!) 10 (940) 

4 


0 6 

31 

3 

9 

0 

— 


8 

2 

— 

- 

41 

3 


4 


0 9 

47 

0 

9 

2 

— 


8 

5 

— 


46 

5 



4 


1 2 

62 

6 

9 

2 

— 


13 

2 

— 


129 

3 

15 


4 

- 

1 8 

94 

0 

10 

0 

— 


19 

2 

— 


231 

0 



(') Nullipara with regular menstrual cycle The sample was collected on the 8th day after the 
beginning of menses 


Table IV — Recovery of Postmenopausal Gonadotrophins Added to Saline and 

Normal Female Urine 


(Assay m immature mice ) 





Treatment 




Mouse 

Subject, 

Age 

24 hour output 


No 

mice 

I 

Total 

dose 

Iquiva- 

lent 

of 

Mean weight of 

Body Uterus 

Increase 

over 

controls 

Uterus 

utenis 
unit per 
24 hour 
output 
MU U 

c c 



c c 

urine 
c c 

g 

mg 

per cent 



4 

. 


9 1 

5 8 




(a) C 65 (1100) 


3 

0 060 

3 7 

10 0 

14 5 

150 0 

300 


3 

0 075 

4 6 

11 0 

17 0 

193 1 




3 

0 090 

5 5 

8 6 

21 0 

262 2 


(b) Y 16( l ) (680) 


3 

0 6 

57 9 

10 0 

19 5 

236 2 

>10 



3 

0 75 

67 6 

10 5 

33 0 

468 9 




3 

0 9 

86 9 

10 0 

51 0 

779 3 


Recov er\ of gonadotrophins 

(«) 

3 

0 075 

4 6 

10 3 

14 3 

146 5 

240 

from saline 

3 

0 090 

6 5 

10 3 

16 3 

181 0 




2 

0 120 

7 3 

10 2 

20 5 

253 4 




2 

0 180 

11 0 

10 5 

24 5 

339 6 




2 

0 3 

18 3 

10 0 

52 5 

805 1 


Recoi ery of gonadotrophins 

(a) 

3 

0 60 

3 7 

12 0 

13 6 

134 4 

300 

from urine (6) 

3 

0 075 

4 6 

10 3 

16 5 

167 2 



2 

0 090 

5 5 

10 0 

19 5 

236 2 




2 

0 120 

7 3 

12 0 

24 7 

343 1 




2 

0 180 

11 0 

11 0 

57 5 

891 3 


( l ) Sample collected 

on the 11th day 

after the 

beginning of menses 
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rat’s uterus and rat’s ovary (Table III) On the other hand, increasing doses 
give increasing effects on the uterus and ovanes exactly as vras observed in 
immature rats The mcrease in ovanan weight followed the increase in uteirne 
weight When the uterine weight reache'd a plateau level, the ovarian weight 
stdl rose progressively It was found that to increase the weight of uterus by 
100 to 150 per cent over that of the untreated controls the equivalent to 3 2 
to 3 9 c c of urrne was necessary for the postmenopausal urine, but about 5 
tunes more for male unne (18 3 c c or less) and about 20 times as much for noimal 
female urrne (62 6 c c or less) These figures as well as recovery figures (Table 
IV) show the reliability of the results obtained with the kaohn-adsorption method 
It was possible to recover 80 to about 100 per cent of the original activity of 
postmenopausal gonadotrophins precipitate added to saline and normal urine 
and then putting the mixture through the kaohn-adsorption procedure 


DISCUSSION 


The original method of Zondek (1930) achieves only a five-fold concentration 
and therefore is not adequate for the detection of minute quantities of hormones 
present in the unne of normal men and women (Hoffmann, 1944) Leonaid 
and Smith (1934) elaborated Zondek’s method for the quahtative detection of 
the folhcle-stimulatmg pnnciple of postmenopausal urrne Prank, Salmon 
and Pnedman (1934) introduced the use of acetone instead of alcohol The 
dialysis of the final extract introduced by Heller and Heller (1939) and Heller 
and Chandler (1 942) diminished considerably the toxicity of the evtiaet foi 
immature rats but this procedure (dialysis, reconcentration by evaporation, 
etc ) may lead to an appreciable loss of activity (Levin, 1941) In the pre- 
liminary experiments dialysis was carried out in this laboratory but v as not 
satisfactory Varney and Koch (1942) showed that dialysis causes moie loss 
of activity than extraction or reprecipitation To lessen the toxicity of the 
extract, Prank and Berman (1939) and Prank (1939) reintroduced the acid 
alcohol method, using 400 c c of urine for examination They believe that the 
tannic acid and benzoic acid methods concentrate mainly or exclusively the 


folhcle-stimulatmg substance and that the acetone and acid alcohol methods, 
on the other hand, concentrate both folhcle-stimulatmg and luteinizing sub- 
stances Varney and Koch (1942) elaborated a method of extraction of the 
crude alcohol precipitate with 50 per cent alcohol and reprecipitation from the 
solution with 95 per cent alcohol They claim that tins modification yielded 
higher gonadotrophin content and less toxic extracts than others The tannic 
acid precipitates (Levin and Tyndale, 1936, 1937) have been found even more 
toxic (Heller and Heller, 1939 , Varney and Koch, 1942) The adsorption on 
benzoic acid causes a considerable loss of gonadotrophic activity and vas Inter 
abandoned (Katzman and Doisy, 1937) In general, precipitation with alcohol 
has proved more satisfactory (Klinefelter, Albright and Gris void, 194 1) and gn cs 
higher yields (Varney and Koch, 1942), than precipitation with tannic acid or 

adsorption on benzoic acid . . , , 

The kaohn-adsorption method involves no special detoxicating F^ d > r ' 
nor any chemical fractionation of extract The crude precipdate f^cd from 
acetone and ether, if dissolved in saline vas found harmle s nf unnr ) 

rat, even in a single subcutaneous dose of 1 cc (equn a en 
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The yields were as high or higher than those obtained with other methods The 
recovery experiments proved the reliability of the results obtained with method 
used It is unlikely that the extract does contam enough oestrogens or androgens 
to produce effects directly or indirectly 

The duahty of pituitary gonadotrophins as originally suggested by Rev old, 
Hisaw and Leonard (1931) and supported by Chow, Greep and van Dyke (1939) 
has been fairly well estabhshed by the isolation of pure lute iniz ing (interstitial 
cell-stimulating) protein from sheep (Li, Simpson and Evans, 1940a, b, 1941, 
1942), and pig (Shedlovsky, Rother, Greep, van Dyke and Chow, 1940) pituitary, 
as well as by purification of the folhcle-stimulatmg (gametogemc) hormone from 
pig pituitary (Greep, van Dyke and Chow, 1940) On the other hand, there is no 
such evidence for the presence of both gonadotrophins m the normal male or 
female urinary extracts 

The identification of gonadotrophins of the crude urinary concentrates m 
these experiments could be only approximate The results of all tests were m 
general agreement and there can be httle doubt that gonadotrophins were the 
mam active factors There is no easy way of estimating two gonadotrophins 
separately if they are both present in the same extract Although the two 
hormones have not been separated it seems probable that postmenopausal and 
normal urinary concentrates contam both the folhcle-stimulatmg and luteinizing 
substances The morphological changes observed m various organs m these 
experiments on intact immature animals provide objective and direct evidence 
for both follicle and seminiferous tubules stimulation and luteinizing effects 
but it is obvious that those results obtained on mtact immature animals are 
comphcated by the release of both gonadotrophins by the animals’ own pituitary 
(Noble, Rowlands, Warwick and Williams, 1939) 

It was shown that the postmenopausal and normal male or female urrnary 
extracts caused a marked growth of large uniform follicles, but none of those 
at the Graafian stage had ovulated and no corpora lutea could be seen after five 
days of injection These results are m agreement with those of Leonard and 
Smith (1934) The large doses of these extracts (equivalent to 300 to 400 c c 
of urine or more), on the other hand, stimulated not only a great follicular growth 
but also an extensive thecal lutemization accompamed with cytolysis of the 
granulosa and ova, the changes bemg various phases m advanced follicular 
atresia These morphological changes are similar to those observed m mtact 
immature animals treated with the extracts of human pregnancy urme and 
pregnant mare serum, except that there is no such follicular growth m animals 
treated with pregnancy urme By analogy, these urrnary extracts injected into 
the mtact immature male rats may produce advanced spermatogenesis but again 
never to a stage of fully differentiated sperms 

The animal tests may be divided according to whether the effect on the mtact 
immature or hypophysectomized animal is primary or secondary There are 
no available standards for expressing the results of the bioassay quantitatively 
in international units The results are stated m various animal units such as 
rat umts or mouse units arbitrarily defined m terms of the amount necessary 
to produce a defined response under defined conditions It is convement to 
speak of the bioassay of “ folhcle-stimulatmg ” and “ luteinizing ” hormones 
which m varying amounts are probably present m each urrnary extract, but 
first it should be proved that human urme contains more than one gonadotrophin 
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and made clear whether the follicle-stimulating hormone produces in female rats 
the primary gametogemc effect only as it does 'in male rats or both the primary 
and secondary ( via oestrogen release) effects The reason for choosing the 
mouse uterrne technique (Levm and Tyndale, 1936, 1937) for the “ total ” 
gonadotrophins assay was the much greater sensitivity of the mouse uterus to 
the active substances and the greater accuracy and uniformity of the response 
to increasing doses of the extracts (Evans, Hines, Varney and Koch, 1940 , 
Varney and Koch, 1942) The uterrne response was produced by smaller doses 
of extract than those necessary to produce follicular enlargement and an increase 
m ovarian weight It was found that the equivalent to 3 2 to 3 9 c c of post- 
menopausal urine was sufficient to increase uterrne weight by 100 to 150 per cent' 
over that of the untreated controls, while to increase the ovarian weight by 100 
per cent the equivalent to 1 1 4 c c of unne was necessary Both uterrne and 
ovarian weight can be easily assayed with the same extract Finally, reducing 
the assay to 72 hours after the first injection seems to be an important factor 
m minimizing toxic effects 


SUMMARY 

The kaolin-adsorption method as modified for concentratmg normal urinary 
gonadotrophins was found an efficient, simple and quick procedure, the relatively 
non-toxic concentrates being suitable for further purification, isolation and 
standardization of the hormones The figures for various quantitative tests 
seem to prove the rehabihty of the results obtained with the method used 

I wish to thank Professor J H Gaddum and Organon Laboratories Ltd , 
for providing facilities for this work, and also Dr J A Lorame, for Ins helpful 
co-operation, and Miss M A Mackay for her valuable technical assistance 
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Numerous workers have in the past injected streptococcal extracts or 
filtrates into the skm of patients suffering from infections with haemolytic 
streptococci, from rheumatic fever, or from wholly unrelated conditions Swift, 
Wilson and Todd (1929) used crude filtrates from 10-day cultures of indifferent 
or a -haemolytic streptococci , Birkhaug (1929) used culture filtrates, auto- 
lysates, and whole cocci from p-haemolytic, a-haemolytic and indifferent strains 
of streptococci , Gibson and Thomson (1935) used an extract of ground-up 
haemolytic streptococci , Lyttle, Seegal and Jost (1935) used a streptococcal 
nucleoprotem fraction , and Taran, Jablon and Weyr (1944, 1945) used “ purified' 
M proteins ” from 40 different types of Group A streptococci These workers 
all studied the skm reactions produced, as evidenced by appearance of odema 
and erythema From their results it appears that a considerable proportion of 
normal persons, and a higher proportion of patients with rheumatic fever or 
with non-rheumatic haemolytic streptococcal infections, ■will give skm reactions 
to some or all of the above streptococcal products The intensity of reaction 
is greater during active disease than during convalescence, and both m control 
and rheumatic or streptococcal groups the frequency and intensity of positive 
reactions mcreases with age Furthermore, although there are undoubted 
variations m the intensity of reaction produced by extracts from different strains 
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of streptococcus, there appears to be a -wide overlap between different strams, 
nearly all being capable of giving reactions m some persons 

In none of the above studies is there any mention of histological changes at 
the sites of injection It seemed to us to be of interest to stud}*- the early 
reactions and, moie particulaily, the later histological changes m human subjects 
injected intracutaneously with whole streptococci of different antigenic constitu- 
tions which had been killed by gentle heating Owing to the liability to cause 
sensitization by their very injection into the skm, it was necessary to inject the 
different strams which were to be tested all on the same occasion It u as not 
practicable, without losing the co-operation of our experimental subjects, to 
mject more than seven stock strains These were all derived originally from 
human sources, and were selected so as to represent Lancefield groups A, B, D 
and three different Griffiths types, with and without M and T antigens A 
strain of Str mndans was also included The organisms were grown m a medium 
containing no proteins other than humap, in order that complications due to 
foreign serum or Forssman type antigens should be avoided 

In a few instances patients were tested with strams of non-baemolytic and 
a -haemolytic streptococci derived from blood cultures of cases of subacute 
bacterial endocarditis These strams (Ew, Cu, Pr, Cr, Th) were cultured m 
small amounts under the same conditions as our standard strams In one 
mstance a patient (Y) with rheumatic fever was tested with a strain of p-haemo- 
lytic streptococcus derived from his own throat cultures 

Selection of patients 

The normal subjects were members of the medical staff or students, and 
were carefully questioned for any history of rheumatic disease or of streptococcal 
infection witlnn recent years The remaindei were patients in the vards 
Those with rheumatic fever, rheumatoid arthritis and post-streptococcal 
erythema nodosum were tested during the period immediately following acute 
manifestation of their disease The patients with subacute bacterial endo- 
carditis were tested before receiving penicillin treatment 


EXPERIMENTAL 


Selection and cultui e of streptococcal strains 

The following strams were obtained through the kindness of Dr Bora 
Colebrook 


No Designation 

1 B 133 

3 Cliown 

6 848 

8 . SE 130 

9 Smithers 

1 1 Wheatley 

13 R 491 


Haemolysis on horso 
blood agar 

Non-haemolytic 
Vindans 
a-haemoljfic 
(3-haemolytJC 
Weak p-haemolytic 
(3-haemolytic 



Type nml 

Group 

B 

antigen 

B 

A 

I (M) 

A 

I pi and T) 

A 

4/24 (!) 

A 

14 (I -i- ' M) 


All strams were passaged three times iJuotigli niue anfl vtrt then gr u? 
37° C for 1G-1S hours in 1 litre of nutrient broth with addition - I 


20 
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glucose, 2 per cent Na glycerophosphate, 0 5 per cent Marmite, and 10 per cent 
human ascitic fluid A very heavy growth was obtained The streptococci 
were centrifuged down, washed with saline, and suspended as a thick suspension 
in m/30 phosphate buffer, pH 7 2 The suspensions were heated at 56° C for 
1 to 3 periods of 1 hour, until a heavy inoculum into broth gave no growth on 
incubation They were stored as thick suspensions frozen at — 15° C For 
inoculation a fresh dilution was made in sterile m/20 phosphate buffer pH 7 2 
so as to contain approximately 500 X 10 6 organisms per ml The volume 
injected mto the skin was 0 1 ml , i e 5 x 10 7 organisms 

Technique of inoculai%on int-o human subject -s 

0 1 ml of each streptococcal suspension, containing approximately 5 X 10 7 
organisms, was injected mto the skin of the inner side of the forearm in a standard 
pattern The areas of erythema and oedema were measured, and a subjective 
estimate made of the intensity of oedema, 1, 2 and 3 days after On the 11th 
to the 15th day (or occasionally later), when small firm nodules could generally 
still be felt at the sites of inoculation, areas of skin about 10 X 7 mm were 
excised under local anaesthesia and placed immediately in Zenker’s solution 

After fixation they were bisected, embedded m paraffin and examined m 
serial or step sections stamed with haematoxykn and eosm , some sections were 
stained with Giemsa and some with Gram 


RESULTS 

Erythema and oedema 

The erythema and oedema were maximal on the 2nd or 3rd day, and had 
faded away m most cases by the 4th or 5th day When pustule formation and 
local necrosis occurred the contents of the pustule were invariably sterile, and 
the cells were predominantly neutrophil polymorphonuclear leucocytes 

In order to arrive at some quantitative assessment the intensity of oedema 
was graded subjectively from ± to + ++> and a numerical value from 1 to 6 
assigned to correspond with the grades 


EXPLANATION OF PLATES 

Fig 1 — Skin of a normal \ olunteer Intracutaneous inoculation of heat-killed streptococci, 
stock strain No 9 Excised after II days Perivascular collection of lymphocytes and 
larger mononuclear cells X 210 

Fig 2 — Skin of a patient (M TYI-) with rheumatoid arthritis Intracutaneous injection of 
heat killed streptococci, stock strain No 6 Excised after 9 days Nodule showing 
conglutinated collagen fibres X 210 

Fig 3 — Skin response of a patient (F Ew-) with subacute bacterial endocarditis to mtra- 
dermal injection of heat-killed autogenous streptococci After 16 days “ Focal oedema ” 
— group of swollen and \ acuolar cells X 420 

Fig 4 — The same case Thickening and conglutination of collagen fibres interrupted by 
swollen and \ acuolar cells Mallory preparation. X 420 

Fig 5 — The same case “ Focal oedema ” with formation of nodules X 140 

Fig 6 — The same case One of the nodules consisting of conglutinated, swollen and vacuolar 
cells X 225 

Fig 7 — Skin response of a patient (M B ) with Rheumatic fever , response to streptococcus 
1 1, on the 18th day A vessel in the cutis with fibrinoid necrosis m one part of the circum- 
ference X 400 

Pig 8 — The same An area showing fibrinoid conglomeration of the collagen X 400 
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The information concerning the area and intensitj’- of the reaction to different 
strains, and the incidence of pustule formation, is summarized diagrammatical^ 
in Fig 0 The mean values only are represented, but there was a considerable 
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scatter inside each group, and the numbers are too small for statistical analysis 
It will be observed that in normal subjects the Group A strains (8, 9, 11 and 13) 
gave rise to moderate reactions In the rheumatic fever group the reactions to 
all strains were somewhat increased, and in the erythema nodosum group they 
were greatly mcreased The patients with rheumatoid arthritis reacted rather 
less intensely than the normal group, and those with subacute bacterial endo 
carditis gave very small reactions even with their endogenous str ains 

Apart from the fact that the Group A strains gave the most intense reactions, 
there was no obvious correlation between the seventy of the reactions and any 
of the known antigemc components of the streptococci 


HISTOLOGICAL FINDINGS 

Normal cases 

Six normal persons were examined 

The histological findings consisted of small penvascular and penfolhcular 
collections of lymphocytes, a few eosinophils and macrophages, the latter con- 
taining cocci There were also cocci lying free m the perivascular spaces The 
latter were dilated and contamed a network of fibrillary matenal These 
“ lymphangitic ” changes appeared to be characteristic of the tissue response of 
normal individuals to heat-killed stock strains of streptococci (Fig 1 and 2) 

Pathological changes 

These were observed m 21 cases of 26 examined (Table I) The central 
change m these cases was oedema This appeared (a) as a diffuse infiltration 
of the cutis with fluid, separating the collagen fibres The latter were often 
thickened and had occasionally lost their affinity for collagen stains, while the 
elastic and argentaffine fibres remamed unaffected (b) In some cases patchy 
oedema was seen with an impressive swelling and vacuolation of fibrocytes, the 
latter forming small “ nodules ” containing one or more giant cells Such 
changes were sometimes accompanied by deposition of fibnnoid matenal m the 
vessel walls, along the whole circumference or confined to one side only No 
cocci were seen in these areas of diffuse or patchy oedema (Fig 3 to 8) 

These altered types of reaction were observed in response to one or more 
strains of streptococcus in all of 9 patients with rheumatic fever, in 6 of 9 patients 
with subacute bacterial endocarditis, m all of 3 patients with streptococcal 
erythema nodosum, and m 3 of 5 patients with rheumatoid arthntis (Table I) 
The response to other strains m these patients was of the normal “ lymphangitic ” 
tj^pes, although intermediate changes were sometimes met There was no clear 
correlation between the intensity of the early erythema and oedema produced 
by any given strain of streptococcus and the nature of the later histological 
response 


DISCUSSION 

Although the number of cases studied was small, being limited by the diffi- 
culties attendant upon work with human volunteers, the histological findings 
appear to be of sufficient interest to justify their presentation Tissue changes 
of the altered or pathological type are reminiscent of those seen in local serum 
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Table I — Incidence of Abnormal Histological Changes Produced by Injection in-t-o 
the SI in of Different Strains of Sti eptococcus m Different Groups of Subjects 

Subacute 



Normal 

Rheumatic 

Rheumatoid 

bacterial 

Erythema 

Strain 

subjects 

fever * 

arthritis 

endocarditis 

nodosum 

1 

0/4 

1/5 

. 0/2 . 

0/2 


3 

0/6 

3/7 

0/4 

2/5 

• 1/1 

G 

, 0/6 

4/8 

3/5 

1/6 

2/2 

S 

0/6 

6/9 

3/5 

3/7 

3/3 

9 

0/6 

6/7 

0/5 

3/7 

2/2 

11 

. 0/6 

5/6 

. 1/2 

0/2 


13 

. 0/5 

2/5 

0/1 

0/2 


fY 


fl/1 




fEw 

0/2 


1/2 

tl/3 


fOu 



0/1 

fl/1 


fPr 

• 



fl/1 


fFu 




fl/1 


fCr 




fO/l 


Number of cases 






showing abnormal 
response to one or 
more strains 

0/6 

9/9 

3/5 

6/9 

3/3' 


* One patient, examined at the beginning of her illness and again a year later, has been 
counted as two cases 

t These strains were autogenous strains of a- or non haemolytic streptococci 


hypersensitivity or the Arthus’ phenomenon, m which extensive oedema is the 
most impressive structural change When an Arthus type of response is com- 
paratively rrnld oedema may be “ focal ” — with conglutination of fibres and 
cells in small patches of the dermal and subcutaneous tissue without affecting 
the argentaffine fibres (Pagel, 1939) It may be recalled that “ early rheumatic 
infiltration ” (Khnge, 1933), l e the initial change preceding the formation of 
the rheumatic nodule, consists of oedema leading to separation and fibrinoid 
impregnation of fibrils without affecting the argentaffine reticulum fibres Undue 
emphasis, however, should not be laid upon a possible resemblance between the 
response to heat-lolled streptococci and rheumatic changes 

The following appear to us to be the mam points which emerge from this 
study First, the late histological reaction affords an important supplementary 
indication of the type of sensitivity with which we are concerned — one, more- 
over, which is probably fairly independent of the initial direct “ toxic ” effects 
of the substances injected Second, the “ positive ” groups show a sensitized 
type of reaction to streptococci This was not unexpected in view of existing 
or preceding inf ection with streptococci in a number of the patients, but the 
variability m response to different strams is interesting Finally, the hyper- 
sensitive response m this series is of the Arthus type, although provoked by 
bacterial antigens It has usually been observed that such antigens ebcit a 
delayed reaction, with predominant necrosis, in contrast to serum 
tmty, where there is a rapid reaction with predominant oedema (Rich, 1944) 
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SUMMARY 

A study has been made of the histological changes observable 10-18 days or 
more after injection of various strains of heat-killed streptococci mto the skm 
of normal human subjects and of patients with rheumatic fever, subacute bactenal 
endocarditis and streptococcal erythema nodosum 

“ Normal ” and “ hypersensitive ” types of response are described, the latter 
having the characteristics of an Arthus-type reaction It mcluded focal oedema 
with conglutination of collagen fibres, fibrinoid infiltration of vascular walls and 
formation of fibrocytic nodules 

“ Hypersensitive ” types of response were obtained with one or more strains 
of streptococcus m all of 9 cases of rheumatic fever, m 6 of 9 cases of subacute 
bacterial endocarditis, all of 3 of erythema nodosum, and m 3 of 5 of rheumatoid 
arthritis but m none of 6 normal subjects 

Autogenous strains of streptococcus gave hypersensitive responses more 
frequently than the others, but otherwise there was no clear correlation between 
the possession of particular antigemc constitution and the type of histological 
response 

The late histological changes were not closely correlated with the short-term 
reactions of oedema, erythema and pustule formation 

Our warmest thanks are due to the patients, staff and students at the Central 
Middlesex Hospital, who were most willing volunteers, to Mr J Mayhew for ' 
technical and Miss Hedwig Saxl and Miss Beryl Buckle for photographic assistance 
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For, many years both qualitative and quantitative data have been pubhshed 
concerning the response of different animals to diphtheria toxoid, administered 
m different ways, in different amounts, and with different time intervals between 
inoculations Since formol-toxoid and the more active adsorbed toxoids, such 
as alum precipitated toxoid, were themselves variable m potency (Bousfield, 
1947) and prepared m different ways (Lewis, 1941), the significance of these 
pubhshed results could not easily be assessed 

With the introduction of a purified toxoid adsorbed on to a suspension of 
aluminium phosphate — P TAP (Holt, 1947) — a reagent was made available m 
which variations m the proportion and concentration of the two components — 
toxoid and carrier — could be altered at will, and reliance placed on the repro- 
ducibility in the composition and antigenicity of different preparations 

The characteristic response of an animal, say a gmnea-pig, to a primary 
inoculation is well illustrated by experiments reported by Glenny and Sudmerson 
(1921) These workers inoculated a number of guinea-pigs with a single dose of 
undemeutrahzed toxin-antitoxin mixture There occurred a latent period of 
about three weeks, followed by the appearance of circulating antitoxin, which 
reached a peak value in about eight weeks, followed by a fall m titre In one 
such experiment the serum antitoxin titres of guinea-pigs were followed over a 
period of two years, and for the greater part of the latter period of observation 
the animals showed a constant titre of circulating antitoxin — the final baselme 
level of immunity Recently Glenny and Barr (1947) have reported a similar 
phenomenon m horses, in which tetanus antitoxin titres were observed over a 
period of five years following a single inoculation of tetanus toxoid 

Smce it has been shown by Schoenheimer, Ratner, Rittenburg and Heidel- 
berger (1942) that the “ half -life ” of a globulin molecule is two weeks, the pro- 
longed maintenance of circulating antitoxin clearly indicates a continuous pro- 
duction of antitoxin by the globulin-producing cells This conclusion is m 
keeping with that of Burnet, Freeman, Jackson and Lush (1941) “ it is equally 

conceivable that once the antigenic stimulus has been applied, the cells continue 
to produce antibody long after the antigen has been completely disintegrated 
Glenny and Barr (1949) have expressed very similar conclusions It also shows 
that the capacity to produce the altered globulin, antitoxin, as a result of an 
inoculation of toxin or toxoid presumably depends on a permanent alteration, 
or kainogenetie effect, in the pattern of the globulin elaborated by these cells 
Smce, also, the circulating antitoxin persists for at least two years in guinea-pigs 
and five m horses, the original stimulus must have induced so profound a mo j c 
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tion m the globulin-producing cells that its effect was handed down to daughter 
cells, for it is unlikely that the original antibody-producing cells would survive 
for so long In other words, it is suggested that the change brought about by 
the action of toxin or toxoid on the globulin-producing cells is one that affects 
the very genetics of the cells 

It follows from the above considerations that a primary inoculation of toxoid 
stimulates a number of globulin-producing cells, which subsequently elaborate 
antitoxin instead of normal globulin, and contmue to do so at an even tempo for 
a substantial period of tune The shape, therefore, of a pure primary response 
curve would be as drawn m Fig I 



Fig 1 — Theoretical pure primary response to diptliena toxoid 


Can such an ideal primary response curve be obtained ? 

When formol-toxoid is employed as a primary stimulus, and the response 
closely followed, we may obtain one of two differently shaped curves, shown m 
Fig 2 The time for maximum response in the curve showing a marked decline 
(B) is usually 6—7 weeks, whereas for the one nsing to an almost constant level 
(A) it is 4 weeks The latter closely approximates the theoretical curve It is 
suggested that Curve B is another example of the marked effect of the presence 
of traces of toxin m toxoid on the short-range antitoxin response when used as 
a primary stimulus (Glenny, Pope, Waddington and Wallace, 1925) Tins, 
perhaps, owing to local fixation of the toxin m the non -i mmu ne, animal, with 
subsequent release, would act as a second stimulus 

Formol-toxoid has been largely displaced by alum-precipitated toxoid 
(A P T ), which was shown by Glenny, Buttle and Stevens (1931) to be some one 
hundred times as potent They ascribed this increased antigenic efficiency to 
a lesulting slow adsorption and elimination of the precipitated toxoid 

Recently the antitoxin-tune-response curves have been observed m groups 
of not less than 12 guinea-pigs, which had received subcutaneous inoculations 
of 1 Lf amounts of purified toxoid adsorbed on to different quantities of pure 
aluminium phosphate earner (Fig 3) 

In all cases the tune required to reach maximum mean antitoxin titre u as 
the same (about 25 days), but the final base-line mean titres were different, being 
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higher as the amount of A1P0< earner injected was increased up to the optimal 
amount of 3 mg (Holt, 1947) 



Fig 2 — Types of primary response to diptheria formol-toxoid, e g 100 Lf 



Pig 3 — Primary response to subcutaneous inoculation of P T A P (1 Lf, dose vol 0 5 ml ) 

When the nodules which develop after the injection of 3 mg of A IPO, carrier 
(with 1 Lf of toxoid) were surgically excised at different times after inoculation, 
and the antitoxin response curves again followed,it was found that t lere was no 
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significant difference in the curves when the interval between injection and 
excision exceeded 14 days But when the nodules were excised 7 to 10 days 
after inoculation a peak titre did not occur , instead a response was obtained 
almost identical with the theoretical pure primary (Big 4) This same type of 
response was also observed when the earner disappeared completely from the 
site of inoculation by natural means within 7 days, as is shown m Big 3, where 
the response from an injection of 0 5 mg of earner was followed 

It is important to note that the levels of circulating antitoxin at 12 weeks 
(Big 4) were the same whether the nodules (3 mg A1P0 4 injected) were excised 



Fig 4 — Effect of excision of subcutaneous nodule on the antitoxin response The sub 
cutaneous nodules were exercised 1, 2 , 3, 4, and 6 weeks after inoculation, controls no 
excisions The responses were virtually identical m all cases except that where the nodules 
were excised after 7 days 


after 7 days, 6 weeks, or left in situ When, however, the nodules were excised 
before the 7th day after injection, the response was less the earlier they were 
removed, since the shorter the time interval, the less material is transported to 
the antibody-produemg cells {vide infra) 

The difference, therefore, between the responses obtained when the nodules 
were excised between 7 and 10 days after inoculation and those left m situ 
represents a second response superimposed on the pure primary The immuno- 
logical significance of the nodule remaining m situ much longer than one week 
is of small practical importance, smee the final base-line level of immunity, i e 
circulating antitoxin, is unaltered by its presence The significant time interval 
is the first 7 to 10 days 

In addition, these findin gs show that a second response may be obtained as 
early as 10 to 14 days after a primary inoculation 
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An examination of the cellular response m guinea-pigs to moderate amounts 
of APT orPTAP injected subcutaneously showed that in some 6 hours 
leucocytic infiltration had commenced, and was well marked in 24 hours Also, 
particles of earner could be demonstrated m the granulocytes This was done 
by “ staming ” sections of the subcutaneous nodules with alumon (Aunne- 
tnearboxyke acid) Subsequently the mass enlarges by leucocytic infiltration, 
becomes rounded-off and enclosed in a fibrous capsule, and the contained granulo- 
cytes then show karyorrhexis The process of encapsulation requires 7 to 10 
days (Fig 7) Then the mass contracts and the capsule thickens by increased 
fibrosis 

When the nodules were excised intact 7 to 10 days after inoculation, and 
implanted subcutaneously into sensitized guinea-pigs, there followed only a 



0 06 Mg A1 PO4 moculated 

Fig 5 — Influence of amount of AlPO^ moculated on the antitoxin response (Dose toxoid 1 Lf ) 

very small second response, which may well have resulted from a slight rupturing 
of the delicate young capsule during the necessary surgical manipulations Such 
10-day-old nodules, after being macerated, gave rise to a marked second response 
when moculated into sensitized guinea-pigs 

Smce it has now been shown that when the residual mass of adsorbed-toxoid 
is excised between 7 and 10 days after subcutaneous inoculation the antitoxin 
response is almost identical with the theoretical primary one, and produces the 
same final base-line level of circulating antitoxin as a non-excised inoculum, and 
that fibrous encapsulation of the residual mass is complete in about the same 
tune, it is concluded that neither the second response phenomenon, nor delayed 
adsorption of the antigen (depot hypothesis of Glenny, Buttle and Stevens, 1931), 
is responsible for the enhanced antigenicity of adsorbed toxoid when used as a 
primary stimulus r r> m i 7? 

A comparison has been made of the antigenic efficiency of samp es o 

containing different amounts of A1PO* earner and employing 10 ie sui 
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cutaneous and intramuscular routes When 2 5 mg A1P0 4 m PTAP was 
inoculated subcutaneously m young children, the incidence of palpable nodules 
was 90 per cent, and 100 per cent when larger amounts were inoculated (Bousfield, 
1947) The same amounts of A1P0 4 injected intramuscularly invariably pro- 
duced the better Schick conversion rates (Holt and Bousfield, 1949) It is 
su gg es f e d, therefore, that the reason for the increased Schick conversion rate 
among those children which received the- PTAP inoculations intramuscularly 
is that the continuous movement of the muscle delayed or even prevented fibrous 
encapsulation of much of the material injected, although this is not readily 
demonstrable This would result m a greater fraction of the injected mass 
reaching the antitoxin -producing cells 



Fig 6 — Antitoxin response, m guinea pigs, A1P0 4 , carrier constant at 3 mg Injected 

Dose of toxoid varied 


It is suggested that the reason for the enhanced antigenicity of A P T and 
PTAP is that the mineral earner conditions the amount of toxoid that reaches 
the antitoxin-producing cells via the granulocytes 

An examination of the cellular response in guinea-pigs to subcutaneous 
injections of aluminium phosphate greater than 2 5 mg revealed that, instead 
of complete and thorough infiltration of the mass by leucocytes as desenbed 
earlier for smaller amounts, the granulocytes had succeeded only in penetrating 
the periphery of the mass 

When the injection volume is 0 5 ml and the injections are made subcu- 
taneously on the ventral wall, the guinea-pig can remove completely, without a 
residual nodule, shghtly less than 1 mg of aluminium phosphate Quantities 
greater than 1 mg invariably give rise to the development of well-defined sub- 
cutaneous nodules 
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Note Fibrous encapsulation of residue of injected material — the formation or the ‘ nodule ’ 
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Tlie antitoxin responses in guinea-pigs, 28 days after the subcutaneous 
inoculation of a constant amount of purified toxoid (1 0 Lf) adsoibed on to 
increasing amounts of A1P0 4 earner, showed that, with amounts up to 1 mg , 
the, response was directly proportional to the amount of earner used When 
between 1 and 3 mg were injected the slope was less steep, and progressively 
larger nodules formed The injection of more than 3 mg of A1P0« earner (in 
0 5 ml ) resulted in a submaximal antitoxin response (Holt, 1947) Although 
much of the higher values was due to a second response effect (Fig 3 and 4), 
the 3 mg inoculation gave the highest base-line level of circulating antitoxin 
It is suggested that, in fact, more earner is phagocytosed when 3 mg is injected 
subcutaneously than when greater or less amounts are used, 3 mg being the 
point of maximum advantage in respect of two opposing forces — amount of 
earner to be phagocytosed and loss of earner by encapsulation 

If this interpretation is correct, viz the antitoxin response to samples of 
P T A P is conditioned by the number of particles of earner which, with their 
charge of adsorbed toxoid, are phagocytosed and escape to reach the globulin- 
producing cells, the limit being the receptive capacity of the animal employed, 
then the maximum response to an inoculation of I Lf of toxoid would only be 
obtamed when the toxoid is distnbuted among the globulin-producing cells in 
such a way that each cell that receives toxoid receives one minimal stimulating 
dose 

An experiment was earned out employing different amounts of purified 
toxoid, adsorbed on to 3 mg of A1P0<, the amount of earner winch had been 
found to be optmial fqr 1 Lf of toxoid Within the limits of 0 5 Lf and 25 Lf 
there was little difference m the antitoxin responses m guinea-pigs 4 weeks after 
injection, and none after 3 months The antitoxin response declined rapidly as 
amounts less than 0 5 Lf were used (Fig 6) 

It is suggested that when 0*5 Lf of toxoid is adsorbed on to 3 mg of A1P0 4 
the “ statistical ” particle, viz that quantity of A1P0 4 that reaches one globulin- 
producing cell, carries just one minimal stimulating dose of toxoid When less 
toxoid is employed, the antitoxin-producing cells fail to receive one minimal 
stimulating dose When, however, quantities of toxoid greater than 0 5 Lf/3 mg 
A1P0 4 are used, each antitoxin -producing cell would receive an excess of toxoid 
If one assumes that the “ All or Hone Law ” — as apphes to the heart and 
nerves — also holds for the reactivity of antitoxin-producing cells, then those 
cells which receive an excess of antigen will make no greater response than those 
which receive one minimal stimulating dose On the other hand, summation 
of subnnnimal doses may result in a response if the tune interval between the 
several stimuh is not too prolonged 

The ratio 0 5 Lf/3 mg A1P0 4 , or 0 16 Lf/mg A1P0 4 , is therefore the critical 
ratio of toxoid to A1P0 4 carrier, for maxi m al antigenic efficiency in guinea-pigs 

The results of a c lini cal investigation on similar lrnes has recently been 
reported (Holt and Bousfield, 1949) 

In this inquiry Schick-positive young children were inoculated intramuscularly 
with samples of P T A P , the dose of A1P0 4 carper was constant at 7 5 mg , but 
the amount of purified toxoid used varied The Schick conversion rates, deter- 
mined 6 months later, showed no statistically significant difference in the results, 
whether 5 Lf or 30 Lf of toxoid were injected with the / 5 mg of A1P0 4 limits 
95 2 to 98 4 per cent Schick conversion, 634 cases examined 
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The lowest toxoid to earner ratio employed was 0 66 Lf/mg AIPO, Efforts 
to determine the “ human ” minimal effective ratio of toxoid to earner are now 
m progress, and it will be interesting to learn how closely it agrees with the 
guinea-pig ratio 

Smce 26 Lf of formol-toxoid will give nse to about 0 1 u/ml serum antitoxin 
in guinea-pigs, and this represents a moderate response to the antigen m simple 
solution, and 0 6 Lf adsorbed on to 3 mg A1P0* induces 1 0 u/ml which repre- 
sents the response using the optimal amount of earner, m so far as these figures 
are comparable it may be calculated that the antigenicity of the toxoid has been 
mcreased 500 times by adsorption m the proportion given 


Ratio = 


25 X 10 
0 1 X 0 5’ 


SUMMARY. 

The shape of a pure primary response curve to an inoculation of toxoid is 
deduced 

This pure pnmary response may be obtained with adsorbed toxoid, by suitably 
timed surgical excision of the matenal inoculated 

It is shown that the enhanced potency of adsorbed toxoid is not due to the 
second response phenomenon, nor to delayed release from a depot, but to a more 
efficient distribution of the toxoid among the antitoxin-producing cells This, 
it is suggested, is brought about by the transportation of the (adsorbed) antigen 
to the antitoxin-producing cells by the polymorphonuclear leucocytes which 
have been shown actively to phagocytose the A1PCL earner used 

The cntical minimal ratio of toxoid to A1P0 4 earner for the immunization of 
guinea-pigs has been determinated and found to be approximately 0 16 Lf/mg 
AlPOi By comparing the antitoxin response m gumea-pigs to 25 Lf of formol- 
toxoid with that obtained with 0 5 Lf adsorbed on to the optimal amount of 
earner (3 mg AlPOi), the maximum ratio of antigemc efficiency of adsorbed to 
its parent formol-toxoid, when used as pnmary stimuli, has been calculated to 
be of the order of 500 

The second response phenomenon may be elicited as early as 10-14 days 
after primary inoculation 

It was suggested by Burnet et al (1941) that once the antigemc stimulus has 
been applied, the antibody-producing cells contmue to produce antibody long 
after the antigen has been disintegrated 

It is now suggested, m respect of diphthena antitoxin production, that this 
kamogenetic effect is inherited by the daughter cells of those onginally stimulated 

Grateful thanks are due to Dr. W. W. Wilson, of the Department of Morbid 
Anatomy, for the guinea-pig skm sections, and to Mr W Pereira for the photo- 
micrograph 
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In a previous communication (Hale, 1947) I suggested that the small colony 
size of the so-called “ G ” gomdial variants of the staphylococcus results from 
its requiring growth factors in excess of the needs of the parent strain This 
present paper reports the results of an investigation of the growth requirements 
of one of these variants, selected by the use of gentian violet 

METHODS 

The strains used m this investigation were 

Parent Strain Au 18L — isolated from an abscess 
Variant Au 18S — isolated from Au 18L by the aid of gentian violet 
(Hale, 1947) 

Tubes for testing growth requirements received 4 5 ml of the basic media -j- 
0 5 ml of a dilution of the substance under test, or 0 5 ml saline m the case of 
the control tubes 

For the preparation of an inoculum the organisms were grown for 24 hours 
at 37° 0 on nutnent agar slopes Suspensions were made m saline, enumerated 
turbido metrically and dilutions made so that 1 ml contained 5 X 10 3 cocci 
per ml Each tube then received 0 2 ml of this diluted suspension to give an 
inoculum of 1000 cocci or 200 cocci per ml media 

EXPERIMENTAL 

Preliminary investigation of the growth of the gontdtal variant. 

The commencement of growth of the variant Au 18S was delayed in nutnent 
broth and the final population attamed was always much smaller than t lat o 
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the parent strain Au 18L Nevertheless, it was decided for this investigation to 
use a simple medium that, while allowing normal growth of the parent stram, 
would not support, or at best give only minimal, growth of the variant Such 
a medium could then be supplemented so that it gave a growth of the variant 
comparable to that of the parent Analysis of these supplements should then 
reveal the additional factors required for maximal growth by the variant 

Casern hydrolysate medium prepared according to Mcllwam and Hughes 
(1944), providing it was supplemented by glucose, proved to be adequate for 
this purpose 


Table I — Growth of Staphylococci m Casein Hydrolysate Basal Medium 

Incubation Jn hours 




17 

24 

41 

48 

68 

Casern Hydrolysate 

/Au 18L 
\Au 18S 

— 

± 

+ 

+ + 

+ + 
? 

Casern Hydrolysate 

f Au 18L 

=t 

+ + + 

+ + + + 

+ + + 

+ + + 

+ Glucose m/601 

l_Au 18S 

— 

— 

tr 

tr 

± 


Note — In this and all subsequent tables + signs indicate degrees of growth tr = trace 
of growth 


Sources of growth factors necessary for variant strain 

Yeast extract was prepared by crumbling 1 lb of bakers’ yeast into 1 litre 
of water at 85° C and the whole was held at that temperature for 15 mm After 
paper filtration to remove yeast cells the filtrate was sterilized by Seitz filtration 
and tested by addition to the basic casern medium 

The results show that this material added to the basic medium supported a 
growth of the variant equivalent to that of the parent after 66 hours’ incubation 
at 37° C This activity was exhibited at 1/10 final dilution of the extract and 
some growth stimulation was noticed m higher dilutions Precipitation of the 
yeast extract by lead acetate left the active material m the filtrate 

Fresh human serum and human urine freshly voided and sterilized by Seitz 
filtration were also found to exhibit similar activity to yeast extract m promotmg 
maximal growth of the variant in both cases at final dilution of 1/10 


Table II — The Effect of 7 east Extract, Serum and Urine on Growth 


Strain 


Yeast Extract 

Serum 

Urine 


f Au 18L 
\Au 18S 

/ Au 18L 
\Au 18S 

/Au 18L 
\Au 18S 


10 -* 

+ + + + 

+ + + + 
+ + + 


Final dilutions of substance tested 

A 


io-‘ 

+ + + + 
+ + 



io-» 

+ + + + 
+ 



Control 



+ + + + 
+ + + + 


+ + + + 
+ + 


+ + + + 
± 



Medium = Casein Hydrolysate + m/60 Glucose 


} 

} 

} 


Incubation 

time 

66 hr 
68 „ 
60 „ 


Marmite, obtamed from the manufacturers free of salt and made up to a 
30 per cent w/v solution, proved to be highly active It gave growth of the 
variant comparable with that of the parent up to a final dilution of 1/500 and 
demonstrated considerable growth stimulation up to a dilution of 1/62,500 
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Further investigations demonstrated that the active material was extractable 
by acids, but not by ether, chloroform or amyl alcohol 


T able III — The Effect of Marrmte (30 per cent wjv Solution) on Growth 


Au 18L 


Marmlte dilutions 
In basal 
medium 

10- 1 

10- 2 

1/600 

1/2,600 

1/12,600 

1/62,600 

C 


Incubation in bout* 
24 48 



Au 18S 


10" 1 

+ + + 

++++ 

10- s 

+ + 

++++ 

1/500 

± 

++++ 

1/2,600 

rh 

+++ 

1/12,600 

tr 

+++ 

1/62,600 

tr 

++ 

G 

tr 

+ 


Usmg casern hydrolysate medium it was found that the control tubes con- 
taining no supplementary factors did show minimal growth after prolonged 
incubation, and at this stage it was thought better to substitute for this medium 
the synthetic ammo acid medium described by Fildes, Richardson, Knight and 
Gladstone (1936) and modified by Fildes and Richardson (1937) and Gladstone 
(1937) With this medium the above results were repeated, and providing 
the inoculum did not exceed 200 cocci per ml of medium the control tubes 
showed no visible growth after 7 days’ incubation, although from these control 
tubes the presence of viable organisms could usually be demonstrated 


The effect of yeast nucleic acid on the giowth of the variant 

The distribution and certain properties of the active material suggested the 
testing of yeast nucleic acid Yeast nucleic acid was prepared according to 
the method described by Cole (1926) and a 5 per cent w/v solution was active m 
stimulating growth up to a dilution of 1/100 

The result suggested the use of yeast nucleic acid hydrolysed under different 
conditions to give in the hydrolysed mixtures predominantly nucleotides, 
nucleosides or the free bases Hydrolysis was earned out under the conditions 
desenbed by Levene and Bass (1931) The hydrolysed mixture that contained 
the free pyrimidine and punne bases was a hundred times more active than 
either the original yeast nucleic acid or the mixtures that contained nucleotides 
or nucleosides This difference was so marked that it appeared most probable 
that the slight growth-promoting activity of the yeast nucleic acid and the 
other mixtures was, m fact, due to the presence of free bases in these materials 

Uracil as a “ growth stimulator ” of the variant 

A test earned out usmg the individual bases known to be present in veast 
nucleic acid demonstrated quite clearly that, while uracil was active in promoting 
growth up to a concentration of 10-° M, guanine, cysteine and adenine v ere 
ineffective 
21 
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Table IV — The Effect of Hydrolysis on the Growth-stimulating 
Properties of Yeast Nucleic Acid 


Yeast nucleic acid 

Yeast nucleic acid hydrolysed 
with weak ammonia at 115° C 
(nucleotides) 

Yeast nucleic acid hydrolysed 
with 20 per cent ammonia at 
160° C for 3£ hours (nucleo- 
sides) 

Yeast nucleic acid hydrolysed 
with 25 per cent ELSO^ 2 hours 
(free bases) 


Final dilutions of substance tested 


10- 1 

10-* 

10-* 

++ 

10- 4 

Control 

++++ 

++++ 

+++ 

— 

— 

± 

+++ + 

++ 

± 



Test organism is the Variant Strain Au 18S 
Synthetic medium 7 days’ mcubation 

The yeast nucleic acid solution was 5 per cent w/v and the hydrolysed mixture arranged so that 
6 g of yeast nucleic acid was hydrolysed and then made up to 100 ml 


Table V — The Effect of Uracil on the Growth of the Variant 


Final dilutions of substance tested 



10- 4 si 

10-*SL 

30- # M 

10-’ M 10 -B si Control' 

Uracil 

+ + + + 

+ + + + 

H 1 t H 

+ ± ± 

Adenine 

+ 

± 

± 

± 

Cytosine 

± 

± 

± 

± 

Guanine 

± 

± 

± 



Synthetic Medium, 7 days’ mcubation 


DISCUSSION 

The results reported above prove that the growth of the small variant, 
selected by the aid of gentian violet from cultures of the parent staphylococcus 
Au 18L, is stimulated by the addition of uracil to the chemically defined medium 
described by Tildes and Richardson (1937) and Gladstone (1937) Uracil is 
necessary for the growth of staphylococci under anaerobic conditions (Richardson, 
1936) but aerobically they are apparently able to synthesize sufficient uracil for 
their requirements The variant strain reported here differs in that the aerobic 
synthesis of uracil is also very much impaired This aerobic synthesis is not 
completely suppressed as an inoculum of the variant m the synthetic medium 
does grow eventually (after 7 days) Growth of the parent strain and the variant 
under anaerobic conditions, when both will be dependent upon the uracil present 
m the medium, should therefore approximate This is found to he the case, for 
nutrient agar plates of the parent and variant incubated under anaerobic condi- 
tions exhibit colomes approximately equal in size 

The impaired synthesis of uracil by the variant must result m deficiency of 
nbo-nucleic acid Henry and Stacey (1943) have shown that the staining pro- 
perties of Gram-positive organisms depend upon the presence of magnesium 
ribo-nucleate , therefore it is not unreasonable to assume that the staining 
properties of the variant might differ from those of the parent It was found 
that when the organisms were stained with a mixture of an acid and basic dye 
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the parent failed to take the acid dye until a pH of 2 0 was attained, whereas 
the variant changed over at pH 3 0-3 5 This is more characteristic of Gram- 
negative organisms where changeover takes place at pH 4 0-4 5 Gram-negative 
organisms are more resistant to gentian violet than gram-positive orga n isms 
(Steam, 1927), probably because they have not the same affinity for this basic 
compound By the same reasoning one could account for the variant’s greater 
resistance to gentian violet and its consequent selection in cultures containing 
concentrations of gentian violet just inhibitory to the parent strain 

It is not claimed that uracil is the only requirement by which the variant 
differs from the parent Thus, addition of uracil to solid media does definitely 
stimulate the growth of the variant, but the colomes are still not as large as 
those of the parent on the same media less uracil Other substances were found 
which stimulated the growth of the small variant, but only if uracil was present 
It appears, therefore, that uracil is the most important requirement 

SUMMARY. 

(1) A small colony variant of staphylococcus was isolated by cultivation on 
media containing gentian violet 

(2) The growth characteristics of the variant were shown to be dependent 
upon an impairment of uracil synthesis Addition of uracil to the medium 
stimulated growth 

(3) The selective action of gentian violet m relation to uracil metabolism is 
discussed 

A grant from the Medical Research Council m aid of departmental research 
was used to defray the expenses of this work 

The author also wishes to express his indebtedness to Professor Wilson Smith 
for constant advice and criticism 
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In the apparatus described here aqueous solutions can be concentrated at 
rates of 12-14 1 /hr at temperatures not exceeding 36° 0 Under these conditions 
many enzymes, bacterial toxins and other substances can be recovered m high 
yield No novelty is claimed for this apparatus , it is a laboratory apphcation 
of the climbing film still used m industry, and it is closely modelled on an apparatus 
described by Mitchell, Shildneck and Dustin (1944) See also Kemmerer (1945), 
Ames (1946), Muirhead (1946) and Reavell (1946a, b) The apparatus is 
described here because it can be made from parts (mainly standard) suppbed by 
a British firm, and because it is thought that a detailed description of its opera- 
tion would be useful to those concerned with the isolation of small amounts of 
biologically active substances from large volumes of solution 

Construction 

The glass part of the apparatus (Fig 1) is constructed of “ Pyrex ” industrial 
glassware suppbed by Messrs James A Jobling & Co , Ltd , of Sunderland (their 
Drawing No 7338/2) A is a standard 1 m Y-piece (All dimensions are 
internal ) B is a standard Davies type double wall condenser, 35 m long, with 
pressed ends of 1 in bore , it is used as heat exchanger, and steam is passed 
through the inner and outer water jackets The heating surface has an area of 
235 sq m C is a standard 1 in 90° elbow with a ^ in side tube for holding a 
thermometer D was especially made from a 5 1 flask with a top neck, 

aim bottom neck, and aim neck entering horizontally at a tangent with its 
centre 1 m, above the middle of the flask E is a 20 m length of 1 m pipe line 
F is a standard 1 m T-joint G is a standard 1 m 45° elbow with a T ^- m side 
tube , this side tube is generally sealed with a rubber bung H is a 7f m length 
of 1 m pipe line I is a standard l£ m 90° elbow J was especially made 
from all flask with a 2 m top neck, aim bottom neck, and a 1| in neck 
entering the flask horizontally at a tangent m the middle K was especially 
made from § m tube with pressed ends of 1 m bore , for ease in assembly the 
vertical part of it is cut into three equal lengths, which are then connected with 
rubber tubing (not shown on the diagram) Lis a standard 2 m U-bend M is 
a standard 3 m to 2 m reducer A is a standard 42 m length of 3 m pipe line 
All the parts listed above are held together m the usual way by bolts passing 
through metal joint flanges fitted with graphited asbestos inserts , rubber 
interface jomt gaskets are placed between each pair of pressed ends 

A copper condenser, obtamable from T J Maskell, 30 a, Jericho Street, 
Oxford, drawn m Fig 2 on four times the scale of Eig 1, is inserted m tube N 
It consists of four 42 m copper tubes of 2| in , 2m, l£ m and 1 m diameter 



304 


W E VAN HEYNTNGEN 


arranged concentrically to give four cooling surfaces with a combined area of 
920 sq m The top and bottom ends of adjacent pairs of tubes axe turned 
towards each other and welded together to form two hollow-walled cylinders 
which are connected together at the top, us shown, by two welded-m lengths of 
\ m copper tubing 7 ^ At the bottom ends the hollow walls of these cylinders are 
connected to the water -supply by \ in copper Tubes PP' and to the dram by 
Tubes QQ' Cold water can be passed through the hollow walls of the two 
cylinders at a considerable rate and very efficient condensing can thus he 
attained These tubes, and Tubes R and S, pass through, and are welded on to, 
a6|m diameter £ m brass Disc T 

R is a £ m brass tube connected by means of a Y-piece to two efficient water 
jet pumps The condensate is discharged via this tube and the pumps into 
the dram 8 is a m copper tube reaching about 18 m mto the lumen of the 
condenser , it is perforated near the top at the condenser end, and at the other 
end it is connected to a mercury manometer and a vacuum release valve A 
rubber interface joint gasket is placed between the end of N and the top of T, 
and these two parts are bolted together m the usual way 

A well-fitting rubber bung is inserted m the bottom of the Y-piece A, and 
through this bung passes the upper limb of a -j- piece of m glass tubing The 
lower limb and the left-hand hmb are fitted with J m taps, and the right-hand 
limb is connected by means of a heavy wall capillary tube fitted with a tap to a 
reservoir of antifrothing agent The liquid to be concentrated enters the 
apparatus through the tap m the left-hand hmb, and the concentrate is dis- 
charged through the tap m the bottom limb Before passmg mto the apparatus 
the dilute liquor passes through a “ Rotameter ” flow-meter calibrated for water 
flowing at rates from 6-16 1 /hr 

Operation 

The water jet pumps are turned on and the dilute liquor is drawn up into 
the apparatus to a level about 3 m below the bottom of Bowl D The inlet 
tap is then turned off, the pressure is brought down to 16-20 mm Hg , and steam 
issuing from a valve at about 7 lb pressure is allowed to pass freely through the 
inner and outer jackets of the heat exchanger B The liquid m B immediately 
starts distilling, and the vapour thus formed forces liquid mto Bowl D at great 
speed Here it is subjected to centrifugal force which separates the vapour 
from the liquid , the latter returns to the heat exchanger via E F 0 U A while 
the vapour passes to the -second centrifugal separator J, where any residual 
liquor is returned to the heat exchanger through K From J the vapour passes 
through A to be rapidly condensed m N After about a minute the inlet tap is 
opened enough to allow the dilute liquor to enter the apparatus at about the 
same rate as water is bemg distilled off With tapwater at about 15° C the rate - 
of distillation is 12-14 1 /hr , and the temperature of the liquid bemg distilled 
(as measured with the thermometer m the elbow C) does not rise above 36° C. 
It is important to judge the correct rate of inflow of the dilute liquor, and for this 
purpose the flowmeter is a great advantage If the dilute liquor is fed m too 
quickly the rapidly rotating current of water vapour will carry liquid up mto 
the elbow I and constrict it and thus slow down the rate of evaporation If the 
dilute liquor is fed m too slowly for a long time there is danger that the con- 
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centrate will dry in the heat exchanger When the apparatus was first con- 
structed the parts E and F were reversed so that the return arm K came in at a 
higher level, as it does in the apparatus of Mitchell et al (1944) With tins 
arrangement there was not a sufficient hydrostatic head to keep an unbroken 
column of liquid in K The result of this was that vapour rushed through K, 
carrying liquid with it and splashing it up into L , whence it was earned over to 
the condenser by the stream of water vapour This led to considerable “ creep ” 
loss With the present arrangement no such difficulty is met 

The vapour from D enters J at tremendous speed — about 150 1 per sec — winch 
means that it passes through the in elbow I at 280 miles per hour The 
effect of this was seen when, for reasons now irrelevant, a heavy glass stopper 
was placed m the bottom of Bowl J As soon as distillation started the stream 
of vapour lifted up the stopper and whirled it around at great velocity for a 
fraction of a second before hurling it through the side of the bowl 

The centrifugal action to which the distilling liquid is subjected in Bowl D 
breaks down considerable froth, but with very violently frothing liqiuds it is 
advisable to introduce 0 6 ml of an anti-frothing agent, preferably a non- volatile 
one such as tnamyleitrate, at the beginning of the distillation 

A given volume of liquid can be concentrated down to about 750 ml provided 
the concentration of total solids is not high enough to render the concentrate 
' unmanageably viscous When dealing with volumes of the order of 100 1 ( ca 
0 2 per cent total sohds), or with liquids containing high concentrations of sohds, 
it might be advisable continuously to draw off the concentrate through the 
side tube on S This could be done by attaching a tap and a flask evacuated 
to a higher degree than the rest of the apparatus This procedure has not been 
tried out by the author It is probably more convenient to stop the distillation 
at suitable intervals and draw off the concentrate 

Distillation is stopped by first turning off the steam , after about five minutes, 
when the heat exchanger has cooled down, the vacuum is released, the water 
jet pumps are turned off and the concentrate is drawn off The apparatus can 
be cleaned as follows Draw m water up to about half-way m Bowl D and 
reduce the pressure to about 60 mm Hg Then open the inlet tap This results 
in a violent swirling motion of the wash water, which scours the walls- of the 
apparatus This is repeated several times with changes of water, and, if necessary, 
with hot water or with dilute acid or alkali or a detergent Finally, fresh water 
is sucked through the entire apparatus for some time and allowed to discharge 
through the water jet pumps 


SmEMARY 

The construction and operation of a laboratory circulating evaporator v Inch 
is capable of evaporating water at the rate of 12-14 1 /hr at 34-36° C and 
20-30 mm Hg is described 
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The production of a number of antibiotics has already been attributed to 
strains of B subtilis, but since there is no universally accepted classification 
for this organism all workers may not have used the same species of aerobic 
spore-forming bacillus One method of classification m present use is given 
by Gibson and Topping (1938) and Gibson (1945), and another by Smith, Gordon 
and Clarke (1946) 

Two of these antibiotics, subtilm (Jansen and Hirshmann, 1944) and baci- 
tracin (Johnson, Anker and Meleney, 1945) have been obtained m a relatively 
pure condition and shown to be polypeptides The remainder have been less 
well defined and some may be identical Among them, bacilysm (Gilhver, 
Abraham and Florey, 1946, unpubhshed , Florey, Cham, Heatley, Jennings, 
Sanders, Abraham and Florey, 1949), bacillm (Foster and Woodruff, 1946) and 
subtenohn (Hrrschhorn, Bucca and Thayer, 1948) are probably peptides, while 
endosubtilysm (Olivier, de Samt-Rat, Bon6t-Maury and Blanchon, 1945), sub- 
tilysme (Vall6e, 1945a, 19456) and eumycin (Johnson and Burdon, 1947) are 
probably organic acids 

The organism used m the present investigation (A14) was isolated by Miss 
M Savage from a conta min ated culture of Myco tuberculosis brought from 
Chile by Dr A Arriagada It was identified as a strain of B subtilis by Miss 
K Gilhver, using the method of Gibson and Topping (1938) On solid medium 
the growth of various bacteria, inoculated at right angles to a streak of the 
organism which had grown for 24 hours at 37° C , was inhibited to distances 
given m Column 1 of Table I 

This paper records the results of an investigation of the antibacterial products 
formed by the strain of B subtilis A14 m aerated liquid media Under the 
conditions used the organism produced at least three lands of antibiotic 


MEDIUM AND CONDITIONS OF CULTURE OF THE ORGANISM 

The organism was grown m the salts of Czapek-Dox medium with the addition 
of 0 5 per cent neutral com steep liquor and 0 5 per cent glucose The medium 
was made up with tap water 

Antibacterial activity was measured by the cylinder plate method (Heatley, 
1944), using Myco phlei and Staph aureus (H strain NCTC No 6571) as 
test organisms 
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When the organism was grown m stationary shallow layers at 37° C , the 
culture fluid showed no activity against either test organism Aeration of 
the culture medium favoured antibiotic production The most convenient 
temperature for growing aerated cultures was 34° 0 At this temperature 
maximum activity was produced after twelve-hour growth from a 2 to 3 per 
cent inoculum of a rune-hour aerated culture 

The amount and quality of aeration was found to control the extent to which 
the antibacterial range of the culture fluid reproduced that found in the streak 
test When aeration rates were low, or the bubble-size coarse, the culture 
fluid showed activity against Myco phlei only As the rate and efficiency of 
aeration was mcreased, activity against Staph aureus, corynebactena and gram- 
negative organisms was also noted, and this increased until an optimum aeration 
was reached The actual amounts of air required varied with the shape and 
size of the culture vessel and the type of diffuser Using glass bottles 4 in 
in diameter containing one litre of culture fluid and an aloxite aerator stone 
2 cm X 2 cm X 5 cm (Carborundum Co ) the threshold amount to produce 
activity detectable by the cylinder-plate method against organisms other than 
Myco phlei was two volumes per volume of oulture fluid per minute (i e 2 1 
per minute m these vessels) The optimum was reached at ten volumes per 
volume per minute These very high rates could be reduced to one volume 
per volume per minute, and still give maximum production, m twenty-litre 
vessels 12 m in diameter, when diffusers covering nearly the whole of the bottom 
of the vessel were used The changes m pH and the percentage of the final 
activity produced at hourly intervals is shown in Fig 1 Spores began to appear 
at 14 hours and by 20 hours only a few vegetative organisms remained 



70 

pH 

60 


Hours 

Fig 1 -—Activity and pH changes during aerated culture of B subtihs (A 14) 34' C 
— Per cent maximum activity against Staph aureus and Myco phlei for both tvp* ■* oi 
\ essel described , per cent maximum activity Myco phlei onlv , — — pH 1 I viw>n 
10 v ol nir/vol /min , — pH, 20 1 vessels 1 vol air/vol /min 


The antibacterial range of the culture fluid after 12 hours’ incubation under 
conditions of optimum aeration is shown in Column 2, Table I 
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Organism 

Table I 

(i) 

Length m mm of inhibi- 
tion of growth of secondary 

(2) 

Length in mm of inhibi- 
tion produced on a 

streak 

wheel-plate by aerated 
culture fluid 

Myco phlei (Lab ) 

14 

15 

Staph aureus NOT C No 6571 

(11) 

10* 

C diphthenae var grams 

6 

8 

C xerosis 

4 

8 

Salm entenUdis Gaertner 

(10) 

6 

Salm typhi 

2 

5 

Streptococcus 

0 

0 

Bact coh 

0 

2 

Ps pyocyanea 

0 

0 


( ) Partial inhibition only * Some resistant colonies 


NATURE OP THE HIFPERENT ANTIBIOTIOS 
The culture fluid contained three distinct groups of antibiotics 

Group I 

Two acidic substances which were readily extracted into organic solvents, 
other than petroleum ether, at pH 5 0, and which accounted for 75 per cent 
of the activity against Myco pJdei The names bacihpm A and bacihpm B 
have been given to these substances 

Group II 

A stable peptide which remained in the culture fluid after extraction of the 
bacihpins This was similar to, and was possibly identical with, an antibiotic 
mentioned by Abraham, Callow and Gilhver (1946) which has been called 
bacilysm (Gilliver, Abraham and Florey, 1946, unpublished) Bacilysm accounts 
for almost all of the activity of the culture fluid against Staph aureus , and the 
coryne-bactena, and for 25 per cent of the activity against Myco phlei 

Group III. 

An unstable -substance (or substances) responsible for the activity of the 
culture fluid against gram negative organisms Its activity m the harvested 
culture fluid was considerably reduced after 24 hours at 4° C , but it was more 
stable after heating the fluid at 70° C for ten minutes Possibly an enzyme 
system produced by the organism was responsible for its destruction This 
group has so far been little investigated 


Bacihpm A and B. 

Assay 

The cylinder -plate method of assay was used throughout the purification 
Staph aureus grown on heart-agar was used as a test organism Although the 
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bacilipins only produce zones of partial inhibition "when tested against Staph 
aureus , this organism was found to give a more reliable assay than Myco phhi 

Purification 

Extraction from culture fluid — Bacilipins A and B are extracted quantitatively 
from the culture fluid, at pH 5 0, into a quarter of a volume of amyl acetate 
Since back extraction into water was not quantitative and distillation produced 
considerable inactivation, the activity in the amyl acetate was concentrated 
on alumina by percolation through four columns in senes In this way the 
active material from one litre of amyl acetate concentrate could be adsorbed 
on 10 ml of Brockmann alumina pH 9 0 An elutmg mixture of one-fortieth 
of a volume of ar/2 potassium phosphate just saturated with acetone was then 
run through the columns in senes The elution of the activity was not found 
to be correlated with any coloured bands The combined eluates contained 
from 30 to 50 per cent of the activity onginally in the amyl acetate , the 
remainder of the activity left on the columns tailed too much to warrant efficient 
recovery The bacilipins were then extracted into ether, which was concentrated 
to a convenient volume m vacuo and further punfied by the counter- current 
distribution method (Craig, Golumbic, Mighton and Titus, 1945) Early counter- 
current studies revealed the presence of two active substances, A and B (Eig 2) 



Fig 2 — Counter-current distribution pattern of a mixture of bacilipins A and B pH 0 8 , 

K (mixture) ^j^ffer) = 1 0 a ^ r0X * 

Buffer mobile 

, per cent total activity , — , per cent dry weight 

Separation of bacilipm A and B — Titration curves for the transfer of the 
separated baeikpm A and B from etbereal to aqueous solution (Fig 3) shoved 
subsequently that A and B could be separated by fractional partition ictvecn 
ether and buffer solutions (Table H) This enabled the initial countcr-cum nt 
distribution to be dispensed with 
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Fig 3 — Distribution curves for bacibpms A and B between ether and m / 2 potassium phosphate 

Counter -current distribution — The separated fractions were each purified 
further by successive ten or twelve counter-current distributions m separating 
funnels Ether was used as the static and m/2 potassium phosphate buffer 
as the mobile phase The partition coefficients were approximately one when 
the buffer solution was at pH 6 5 for A and at 7 8 for B Very stable emulsions 
were produced with this system unless the concentration of the crude substance 
was kept below 4 mg /ml 

The necessity of using dilute solutions of the active substances made the 
use of Craig’s stainless steel apparatus (Craig, 1944) quite impracticable for 
work on a preparative scale, thus rendering the procedure more laborious and 
less efficient 

At the end of each run all the material in each tube was transferred to the 
ether layers, which were analysed to give the percentage of the total dry weight 
and total activity present in each The method of selecting “ strategic frac- 
tions ” (Craig, 1944) was then used The strategic fractions were pooled and 
further runs earned out, until some of the matenal behaved as though it was 
homogeneous, m that the partition coefficient remained constant over a number 
of tubes (Williamson and Craig, 1947) 

Fig 4 Shows the first, second and third runs on “ B ” and Fig 5 the first and 
fourth runs for “ A ” From two hundred titres of culture fluid 110 mg of A 
and 60 mg of B, in ethereal solutions, were shown to be practically homogeneous 
within the limits of resolution of the method 

Chemical properties 

Attempted isolation m the solid state — On drying solutions of the free acids 
A and B m organic solvents, or solutions of their salts in water, an irreversible 
reaction occurred, even at low temperatures From 50 to 70 per cent of the 
activity was lost initially and the loss increased further on standing The loss 
of activity was accompanied by a decrease m the amount of hydrogen absorbed 
on catalytic hydrogenation and by a sharp decrease m solubility in organic solvents 
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Table II — Separation of Bacilipm A and B 

Crude ether concentrate, 2 1 

Extracted with 

(1) 750 ml ^ m/ 2 potassium 

(2) 500 ,, l phosphate buffer 

(3) 250 „ j pH 7 0 


Ether layer, 2 1 enriched Combined buffer solutions, 

m bacilipm B 15 1 enriched in bacilipm A 


Extracted with 


(1) 750 ml ) 

m/ 2 potassium 

(2) 500 „ [ 

phosphate buffer 

*(3) 250 „ ) 

pH 9 0 f 

1 

Ether layer 

discarded 


Combined buffer layers 15 1 
mixture of A and B 

(a) pH adjusted to 7 65 

( b ) Extracted with 

(1) 750 ml ) 

(2) 500 „ [ Ether 

(3) 250 „ ) 


Ether layer, 


5 1 almost 


free from bacilipm A 


Buffer solution, 15 1, 
mixture of A and B 

Whole process repeated 


* Ether layer evaporated to 250 ml for this extraction 
j - Boric acid interferes when borate buffer is used 


Elementary analysis — Elementary analyses of the lyophil-dned barium salts 
(Weiler and Strauss, Oxford) gave the following results 

A C, 42 6 , H, 6 3 , N, 2 5 , Ba, 24 6 
B C, 52 45 , H, 6 75 , N, 2 09 , Ba, 21 6 
Sulphur and phosphorous were absent 

Smce these values are for the dried substances the\ may differ significant \ 
from those for the fully active barium salts Lack of material pre\entc( an 
attempt to deduce the elementary composition of the actne «=ub«:fanco rom 
analyses earned out after hydrogenation 
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The equivalent weight of the dry banum salt of A was 278 and that of B was 
317 5 Since the ratio Ba/N was one this indicated that the minimum molecular 
weight of A was 556 and that of B was 635 

Solubility and general properties — The free acids A and B were readily soluble 
in amyl acetate, benzene, chloroform and ether, but insoluble in petroleum 
ether They had a very limited solubility m water, being precipitated as unstable 
oils on adjusting a neutral aqueous solution to pH 3 0 The sodium and banum 
salts were soluble in water and also m absolute alcohol 

Both A and B gave a negative Molish reaction, formed no precipitate with 
2 4-dimtrophenylhydrazme and did not reduce ammomacal silver nitrate 

Both substances readily absorbed bromine in chloroform solution The 
bromo compounds were dark viscous oils and were biologically inactive 

Acid base properties — Titrations made with a glass electrode showed that A 
was a stronger acid than B (Pig 6) The titration curves showed no indication 
of the presence of a basic group 

After drying over phosphorous pentoxide the equivalent weight of A, found 
by titration to pH 7 6, was nearly double that of the undned substance The 
original value of the equivalent weight was obtained, however, when further 
alkali was added and the solution was warmed This suggested that lactomzation 
had taken place 

Hydrogenation — Hydrogenation of A and B in a Warburg manometnc 
apparatus with an Adams or palladium /banum sulphate catalyst showed that 
the degree of unsaturation of the substances was similar but decreased after 
dry mg from aqueous solutions Thus hydrogenation of the barium salt of A 
m aqueous solution gave the following figures for hydrogen uptake 

Before drying 180 c mm /mg 
After drying 68 c mm /mg 

The dry banum salt had lost 75 per cent of the activity shown by the solution 
The difference m both hydrogen uptake and activity was even greater after the 
sohd had been kept for a few days 

An oil was obtained when a solution of the hydrogenated sodium salt of A 
(undned) was acidified to pH 2 0 This crystallized m sheaves of needles m p 
78° to 76° C when the turbid solution was left m contact with petrol ether over- 
night Extraction of the supernatant with ether yielded an oil mixed with some 
crystals of m p 95° to 100° C The amounts of crystalline material available 
were insufficient for further investigation Only oily material was obtained 
when hydrogenated B was treated in a similar manner. 

Stability m solution — In amyl acetate 25 per cent of the activity of a dilute 
solution of the free bacikpins A and B was lost after heating for one hour at 
70° C 

Aqueous solutions of salts of the bacikpins n ere stable within the range 
pH 2 0— pH 10 0 at 16° C for four hours but were rapidly destroyed at 100° C 
At pH 13 inactivation of A and B occurred at room temperature Subsequent 
electrometric titration indicated that the inactivation was accompanied in the 
hberation of a basic group and two new acid groups (Fig 6) The product 1 - of 
inactivation did not give a mnhvdnn reaction 

The activity of bacilipm A “and B was not reduced In incubation with 

per cent serum or with trypsin at pH S 
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Acid hydrolysis —When 2 mg of the banum salts of both A and B were 
heated with 6 n hydrochloric acid in a sealed tube at 100° C overnight, much 
“ humin ” was produced by B but considerably less by A Extraction 'of the 
hydrolysates with ether and evaporation of the extract yielded an oil from A 
and crystals m p 105° G from B 

The ether-insoluble material resulting from the hydrolysis of both A and B 
gave a positive nmhydnn reaction The colour yield from A was about half, 
and from B a quarter, of that given by a standard solution of glycine containing 
an equivalent amount of nitrogen ° 

Paper strip chromatograms (Consden, Gordon and Martin, 1944), using 
phenol-5N hydrochloric acid, were run with 5 jil (= 5 yN) of a solution of the 
hydrolysates of A and B but no spots were revealed on treatment with mn- 
hydnn After hydrolysis about one-fifth of the total nitrogen was present as 
volatile base, and this was probably responsible for the nmhydrm reaction 



ml of 0 0097 N baryta bound 

Fig 0 — Electrometric titrations on 2 04 mg bacilipm A and B before and after inactivation 
at pH 13 0 Curve (1), active bacilipm B , Curve (3), inactive bacilipm B , Curve (2), 
active bacilipm A , Curve (4), inactive bacilipm A 


Discussion 

Bacihpms A and B appear to be similar and to be chemically related The 
limited chemical information that could be obtamed from the small amounts of 
material available indicates that the bacihpms are mtrogenous unsaturated 
ahphatic dibasic acids Since two acid groups and a basic group are hberated 
by m/10 sodium hydroxide the substances probably contain an amide tiqie of 
linkage The base does not give a nmhydrm reaction and is not volatile The 
other acid group hberated may anse from the hydrolysis of an ester linkage or 
the opening of a lactone ring 

However, the results of a single elementary analysis of the dned barium salts 
of both bacilipm A and B appeared to reveal a degree of saturation which does 
not allow all these groupings to be fitted into the molecule and also account for 
the observed hydrogen uptake of the active substances on catalytic hydro- 
genation It is possible that the barium salts are still hydrated after drying and 
that the inactivation which occurs on drying mvolves oxidation across the double 
bonds 
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Since the antibacterial properties of the compounds did not justify the con- 
siderable amount of work which would have been required to obtain larger 
amounts of the pure substances, further investigations on bacilipin A and B have 
been discontinued 


Bacilysm 

Partial purification 

Bacilysm was assayed by the cylinder-plate method (Heatley , 1 944) throughout 
the purification Staph aureus grown on heart agar was used as the test 
organism 

The culture fluid was acidified to pH 3 0 and clarified m a Sharpies centrifuge 
The pH was then adjusted to 2 0 and 1 5 per cent Famell phosphoric-activated 
carbon was added The mixture was agitated for twenty minutes and then 
filtered The bacilysm was eluted by two extractions with a quarter volume 
of a mixture of four volumes of ethanol and one of m/ 2 potassium phosphate 
pH 7 0 This amount of phosphate buffer is just sufficient to saturate the alcohol 
phase and leave a small volume, about 50 ml per litre, of the aqueous phase 
Only the alcohol phase appears in the eluates Overall recovery under favourable 
conditions has been 70 per cent 

The alcohohc eluate was percolated rapidly through a column of Brockman 
alumina pH 5 0 until the column was nearly saturated (300 ml per 10 ml 
alumina) Hacilysin was readily eluted from the alumina by raising the water 
content of the solvent Elution with 25 per cent ethanol was found to give 
material of the highest activity There appeared to be no correlation between 
bands visible under UV hght and the active material A standardized nm- 
hydnn colour reaction earned out on aliquots of the effluent fractions, showed 
that mactive peptides or amino acids continued to be eluted after the bacilysm 
had been removed from the column Bacilysm was obtained as an amorphous 
white powder when the eluates were distilled to a small volume m vacuo and 
the aqueous residue lyophil-dried Matenal obtamed m this way from the most 
active “ cut ” from the columns was used m some preliminary chemical investi- 
gations 

Chemical properties 

The preparation of bacilysm contained nitrogen and sulphur It was practi- 
cally insoluble m all dry organic solvents except methanol It was readily 
soluble m water, and its solubdity was not appreciably reduced by saturation 
until ammonium sulphate An aqueous solution formed no precipitate with 
picric acid, phosphotungstic acid, trichloroacetic acid or basic lead acetate 
It gave positive ninhydan and Pauly diazo reactions The Mohsh test was 
negative 

Stability 

Bacilysm was stable for 4 hours at 20° C between pH 1 4 and 12 0 It vns 
not destroyed when heated to 100° C for fifteen nunutes at pH 7 0 to 0 4 
However, when heated for ten nunutes at pH 1 0 over 90 per cent of the actn it\ 
was lost 


22 
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Incubation with crystalline trypsin and with tissue enzymes at pH 8 0 rapidly 
inactivated bacilysm Treatment with hydrogen sulphide reduced the activity 
by half 

Hydrolysis and paper chromatography 

Paper chromatograms after hydrolysis with 6 n HG1 at 100° C showed that 
the material contamed alanine, tyrosine, leucme and phenylalanine 

The evidence at present available indicates that bacilysm is a neutral peptide 


ANTIBACTERIAL PROPERTIES OE BACILIPIN A ANT) B AND BAOXLYSTN 

Bacilipins A and B 

Cylinder -plate test — Assay by the cyhnder-plate method using Staph aw eus 
and Myco phlei as test organisms gave zones of inhi bition 20 to 26 mm m 
diameter at the following dilutions 

Staph aureus Myco plilei 

A 1/10,000 1/100,000 

B 1/80,000 1/800,000 

The plates were seeded with a 12-hour broth culture of Myco phlei, and with 
a 12-hour culture diluted 1 100 of Staph aureus They were read after 12-hour 
mcubation 

The inhibition was only partial with Staph aureus but remained constant on 
further mcubation With Myco phlei the zones of inhibition were clear but 
were much reduced after 48 hours’ mcubation 

Wheel-plate test — When tested by the wheel-plate method at 1/1000 con- 
centration against various bacteria, the lengths of inhibition shown after 16- 
hour growth by the susceptible organisms were as follows 

Staph aureus Myco phlei B anthracis 
A ( 7 mm ) 15 mm 5 mm 

B (16 „ ) 20 „ 12 „ 

( ) partial inhibition 

Bad coli, Salm ententidis Gaertner, C xerosis, Strep pyogenes stram, Kruger, 
C diphtheriae var grams and Ps pyocyanea were not inhibited 

Serial dilution test — Serial dilutions usmg Myco phlei as test organism made 
with an impure mixture of A and B of unknown relative composition gave an 
endpomt of 1/320,000 when read at 15 hours’ growth, but this decreased to zero 
after 4S hours Pure B was later shown to be about twenty times more active 
by the cylinder -plate method than the sample used m this test 

Partially -purified bacilysm 

Wheel-plate test — When tested by the wheel-plate method at a concentration 
of 1 /1000, bacilysm inhibited the growth of various organisms to the following 
distances from the cylinder 

Bad coh Staph aureus C xerosis Myco phlei 
(5 mm ) 10 mm 10 mm (5 mm ) 



BACILEPEN' A AND B AND BACILYSIN 


317 


The inhibition of Bact coh and Myco plilei was only partial and decreased 
after 38 hours’ incubation A few resistant colonies were found wit hin the zone 
of inhibition against Staph aureus (Abraham, Callow and Gilhver, 1946) B 
anthracis and Strep pyogenes were not inhibited 

Combined action of bacilysm and the bacilipins 

Cylinder -plate test — When the culture fluid was tested by the cylinder-plate 
method against Staph aureus or Myco phiei, the zones of inhibition were clear, 
and remained constant in diameter if the period of mcubation was extended 
from 18 to 48 hours In contrast, the pure bacihpins did not produce a permanent 
zone of inhibition when tested against Myco phiei, the zones gradually dimimshmg 
in size through growth at the circumference, and when bacilysm was tested 
against Staph aureus, resistant colonies were found within the zone of inhibition 
A reconstructed mixture having similar concentrations of the antibiotics to those 
in the culture fluid gave the same type of inhibition as that of the culture fluid 
itself (Fig 7) 

Serial dilution method — Serial dilution tests were made with bacilysm alone 
and with a mixture of bacilysm and bacihpm A (10 1), using Staph aureus as 
the test organism In both cases visible growth was inhibited after 16 hours 
mcubation when the concentration of bacilysm was 1 m 320,000 On farther 
mcubation all the tubes containing bacilysm alone eventually showed the same 
turbidity as the control, but m the tubes containing the mixture of antibiotics 
further growth was considerably retarded and inhibition was still complete at 
1 m 20,000 after 4 days 

Conclusion 

It appears that the bacilipins are bacteriostatic towards Myco phiei, for while 
they initially inhibit growth at high dilutions multiplication finally occurs and 
the organisms m the resulting culture have no mcreased resistance Bacilysm 
delays visible growth of Staph aureus m high dilutions, but m this case there is 
also eventual multiplication The effect of bacilysm is due to a partial bacteri- 
cidal action followed by the growth of resistant surviving cells (Abraham, Callow 
and Gilhver, 1946) 

Bacilysm and the bacihpins combmed are considerably more effective m 
suppressing bacterial growth than is either alone This accounts for the fact 
that the crude culture fluid produces clearer or more permanent zones of in- 
hibition than the punfied antibiotics when tested by the cyhnder-plate method 


RELATIONSHIP OF THE BAC ILIP INS AND BACILYSIN TO OTHER ANTIBIOTICS 

from B subtilis 

Bacihpins — Other organic acids so far obtamed from B subtilis appear 
to be distinct from the bacihpins Thus, endosubtilysm (Olivier, de Saint-Bat, 
Bonbt-Maury and Blanchon, 1945) is insoluble in acetone Subtilysine (Vallce, 
1945c, 19456) is insoluble m 10 per cent calcium chloride and eumycin (Johnson 
and Burdon, 1946) is insoluble in ether and amyl acetate 

The active principle “ M and R ” (Miller and Rowley, 194S) obtamed from a 
B mesenterwus shows similarities to the bacihpins m its general chemica pro- 
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perties However, the most purified sample of M and R eontams at least twice 
as much mtrogen as the bacihpms and is active against a much wider range of 
organisms It would appear that strains of B subhhs produce a number of 
orgamc acids having antibacterial properties, in addition to several biologically 
active peptides 

Bacilysm — Among the antibacterial peptides produced by strains of B 
subtilis are bacitracin, subtenohn, subtilm and bac illm The fact that baci- 
tracin and subtenohn form a relatively insoluble picrate distinguishes them from 
bacilysm and also from subtilm and bacillm Of the latter three substances, 
subtilm, unlike bacilysm, is readily salted out from aqueous solution and eontams 
at least twelve different ammo acids, while bacillm is equally active against 
gram-positive and negative organisms, when tested m nutrient agar Bacilysm, 
therefore, appears to differ from other antibacterial peptides hitherto described 

SUMMARY 

A strain of B subtilis A14 produces four different antibiotics when grown 
m submerged aerated culture m a modified Czapek -Dox medium Two of the 
antibiotics can be extracted by orgamc solvents and have been named bacihpm A 
and bacihpm B A third antibiotic is msoluble in orgamc solvents and is called 
bacilysm The fourth substance differs from the other three m that it is active 
agamst Boct coli and is rapidly destroyed m the harvested culture medium 

Bacihpm A and bacihpm B are unsaturated ahphatic nitrogenous acids and 
have similar properties They are stable in solution at room temperature but 
have only been isolated m the sohd state with loss of activity 

Bacilysm is a water-soluble neutral peptide which appears to be of relatively 
simple composition The most active preparation yields alanine, tyrosme, 
phenylalanine and leucine on hydrolysis Bacilysm is mactivated by trypsin 
and tissue enzymes 

The bacihpms are active mainly agamst Myco phlei and their action appears 
to be bacteriostatic Bacilysm is active against Staph aureus, C xerosis, Myco 
phlei and to a lesser extent Bad coh Its action is mainly bactericidal How- 
ever, when tested agamst Staph aureus some organisms survive and these are 
found to be resistant to bacilysm after subculturmg Mixtures of the bacihpms 
and bacilysm show a combmed action, which is more effective in suppressing 
bacterial growth than is either component when tested alone 

I am indebted to Dr E P Abraham for guidance and advice in the course 
of t his work, to Dr N G Heatley for helpful suggestions, to Miss M Lancaster 
and Miss M Bond for the tests of antibacterial activity earned out under the 
supervision of Dr M A Jennings and Sir Percival Hartley, to Miss K Gilhver 
and Air J Kent for help in producing batches of culture fluid, and to Miss J 
Moss and Miss A Pill for technical assistance 

The work has been supported by a grant from the Medical Research Council 
for techmcal assistance and supply of materials 

REFERENCES 

Abraham, E P , Callow, D , and Gilliver, K — (1946) Nature, 158, 818 
Consden, R , Gordon, A H , and Martin, A J P — (1944) Biochem J , 38, 224 
Craig, L C — (1944) J biol Chern , 155, 519 



British Journal of Experimental Pathology 


Vol XXX, No 4 



Fig 7 — Combined action of bacilj sin and bacihpm B against Staph aureus Top left zone, 
bacdysin 1/4000 showing resistant colonies , bottom left, bacihpm B 1/10,000 showing 
partial inhibition only, right, a mixture containing bacihsm 1/4000 and bacihpm 
B 1/10,000 showing a zone of complete inhibition 
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injection, and this determined the neutralization of mtradermal toxin at the 
time of its injection into the skin These conclusions were m accord with the 
fact that when antitoxin was given after the toxin, its efficacy was greatly dimi- 
nished, even when the toxin lesions were only a few minutes old They also 
measured the amount of antitoxin neutralizing toxin m vitro (the direct neutra- 
lizing quantity, symbolized by Ad) and in, mvo after intravenous injection (the 
indirect neutralizing quantity, symbolized by Ai) and found the ratio Ai Ad to 
be 22,500 1 Allowing for the plasma volume of the rabbit and the volume of 
toxin injected, and assuming that tissues and antitoxin did not compete for the 
toxin, they deduced a ratio of 22 5 1 for the relative concentration of antitoxin 
m the circulation and the tissues 

The concepts of a rapidly estabhshed concentration of antibody m the tissues, 
fully effective (i e definitive) m the sense that when toxin is injected, no antibody 
subsequently passmg into the tissues from the blood adds to the neutralizing 
effect , and of a rapid and irreversible fixation of toxin to the tissues m the 
absence of antibody, have a direct bearing on passive antibody therapy , and 
were accordingly re-examined 

MATERIALS AND METHODS 

One batch of diphtheria toxin and one of antitoxin were used throughout. 
The to xin was prepared by Dr L Holt on a semi-defined medium , it contained 

0 1 per cent total N and 78 Lf per ml , at Lf 52 its Kf was 10 It was preserved 
at 2° C under toluene The antitoxin was a commercial preparation of proteo- 
lytically refined horse serum containing 4000 international units (u ) per ml , 
standard stock dilutions were made in 50 per cent glycerol sahne and held at 
2° C Both reagents were diluted for use m sahne, usually in a geometric senes, 
using Grade A pipettes, burettes and volumetnc flasks The cumulative errors 
of senal dilution were avoided as far as possible by adding “ master ” solutions 
to vanous volumes of sahne m large vessels Thus, for a 2 -fold senes the volumes 
in ml respectively of toxin master-solution and sahne were 3 + 3, 2 + 4, 1 + 7, 

1 + 15 , 1 + 31 , 1 + 63 , 1 + 127 

Except when otherwise stated, laboratory stock albino guinea-pigs of 250 to 
400 g weight were used , for any one test the weight range was usually within 
80 g The animals were clipped, depilated by a banum sulphide paste 18 hours 
before the tests, and all animals with the slightest evidence of a depilation “ bum ” 
were rejected. A minimum of three animals was used for each titration Intra- 
dermal injections of 0 1 ml were made with needles of No 26 gauge 

The intensity and diameter of areas of inflammation were measured after 24 
hours, correct to the nearest half -millimetre The diameter of all round lesions 
was recorded, and the major and minor diameters ( D a nd d ) of the remaining 
shghtly elliptical lesions reduced to a smgle measure, \/Dd The responses to 
senes of mtradermal doses of toxin were subjected, when necessary, to regression 
analysis (Fisher, 1947) 


EXPERIMENTAL 

The dose-response to mtradermal diphtheria toxin 

Current methods of titration usually depend on the determination of an end- 
point, which is embodied m the conception of the minimal skm -reacting dose 
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In practice this appears to be the amount of toxm producing an inflammatory 
lesion between 8 and 15 nun m diameter For example, Jensen’s (1933) “ DRM ” 
gave a lesion 8 to 10 mm in diameter Amounts of toxm producing lesions 
larger than 30 to 35 mm are impracticable because of the ultimate, perhaps fatal, 
general intoxication following the doses necessary to produce lesions of this 
size , and lesions smaller than 6 mm may be confused with the faint but definite 
area of inflammation, 3 to 4 5 mm m diameter, induced by injecting 0 1 ml of 
0 85 per cent saline Between these two limits there is a practicable range of 
doses and, smce estimates of toxicity depending on the responses to more than 
one dose are preferable to those depending on an end-point, the dose-response to 
diphtheria toxm m the skin was investigated within this range 



(<*) .. tooo u „ „ „ „ 

The dose-response lines were fitted from the means of six lesion diameters in three gurnea- 

pigs 

The curve obtained by plotting diameter (d) of the 24-hour inflammatory area 
against the logarithm of the dose (x) proved to be linear (Fig 1, 2a, 4) , that is, 
d — b log x, where b is the slope of the regression line The slope was remarkably 
reproducible , for example, in 13 assays picked at random from a series made 
over 7 months, the slopes were — 6 75, — 7 59, — 5 97, — 5 94, — 7 03, — 5 21, 
— 5 91, — 6 78, — 5 81, — 7 59, — 6 57, — 6 54, — 5 23 The relative con- 
stancy of slope may depend on the age of the lesion, the batch of toxin and the 
animal used Jensen (1933) measured lesion-diameters in rabbits at 30 hours 
His Table 7 records titrations of a toxin m 15 rabbits , the diameters are gi\en 
correct to the nearest 2 mm (1 e 8, 10, 14, etc ) Bv regression analysis of 
Jensen’s figures, the dose-response proved to be linear in 12 of 15 rabbits and in 
these animals the slope varied between 10 6 and 27 5 
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It was important to prove that this convement linear dosage-response relation 
held for all parts of the grunea-pig skin used m the titrations For a given dose 
of toxin in 0 1 ml , the lesions m the ventral half of the body skin are bigger than 


Table I — The Analysis of Variance of the Diameter of the Toxin Lesions m the 
Skm of Six Guinea -pigs m Response to Four Doses of Diphtheria Toxin, 
Randomized in a Four-fold Latin Square 


Source of variation 

DF 

Mean square 

F 

P 



error 



Between AP* rows 

3 

7 1485 

4 71 

0 001-0 01 

,, T* rows 

3 

2 2596 

1 49 

>0 05 

,, doses 

3 

347 5859 

228 9 

<0 001 

Linearity 

1 

1028 1380 

677 2 

<0 001 

Departures 

2 

7 3099 

4 81 

0 01-0 05 

Between guinea-pigs 

5 

1 9422 

1 28 

>0 05 

Interactions 

45 

1 8861 

1 24 

>0 05 

Residual 

36 

1 5182 



Total 

95 





* See p 322 

in the dorsal half Titrations were therefore confined to an area on the two sides 
of the spine, hounded laterally in the sittmg animal by the horizontal hues mid- 
way between the spine and the anterior belly wall, anteriorly by the vertical line 
through the elbow-joint, and posteriorly by the vertical line through the knee- 
joint Within t his approximately square area on the dorsal aspect of the animal 
it was possible to make sixteen equally spaced injections, 2 rows of 4 on each side 
of the spme 

The linearity of the dose-response and its independence of the site of injection 
wit hin the chosen area were established by titrating four doses of toxin distri- 
buted randomly among the 16 available sites m Latm squares Three tests were 
made, each m 6 to 8 animals Table I records the analysis of variance from one 
test, typical of the three Doses of 1/400, 1/1600, 1/6400 and 1/26,600 Lf were 
given to six guinea-pigs, so that each dose was tested 24 times From column F 
(the mean square errors m terms of the residual mean square error 1 5182) it is 
clear that the variation due to position in the injection area, indicated by the 
variations m the response m the four antero-postenor (AP) rows of lesions is 
small compared with the difference between doses, and that m the four trans- 
verse (T) rows it is negligible In two similar tests the variation between both 
T and AP rows was negligible For practical purposes the skm of this area 
may be considered homogeneous with respect to toxin In most subsequent 
tests, therefore, no formal randomization of doses among the available sites m 
all the animals m each test batch was attempted, though the pattern of injections 
was varied when possible In this example the variation between ammals is 
small , in other tests it was larger, and sometimes significant , but in all the cases 
analysed each animal provided a substantially linear response and the skm was 
uniformly susceptible to the toxin 

The value of F for linearity is satisfactorily significant, and for departures 
from linearity it is small It follows that, by the simple transformation of dose 
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into log dose, the information given by the mean response to all the doses injected 
can be combined to obtain smgle estimate of toxicity For this purpose a regres- 
sion line is fitted and log x determined for an arbitrarily selected diameter of 
lesion. Values between 12 5 and 15 mm. were chosen, being near the mid-value 
of lesion-diameters usually obtained in the titrations They are rather larger 
than the diameters produced by the orthodox “ minimal reactmg dose,” but for 
two reasons they are more reliable measures of toxicity , they su mm arize the 
response, not to one dose, but to a senes of doses , and they do not depend on 
personal judgement as to what a standard minimal reactmg dose is In this 
connection it may be noted that the lesion-diameter of a smgle dose is not a 
very sensitive indicator of variation m toxin concentration The average slope 
is about — 7 , and since d = — 7 log x, the lesion diameter diminishes only by 
2 1 mm even for a 50 per cent decrease m concentration 

The dose-response to indirectly neutralized toxin 

The dose-response to toxin in animals with circulating antitoxin is also hnear, 
and the slope is parallel to that for toxin alone, even in animals receiving very 
strong antitoxin Each fitted slope m Fig 1 summarizes six titrations, two per 
guinea-pig Similar results were obtained m two repetitions of the test The 
linearity and parallelism of the slopes are obvious , and on analysis the four 
regression hues were homogeneous, the deviation of each from the common 
regression hue bemg insignificant Taking a 15 mm lesion for the point of com- 
parison, the relative toxicities are as follows 60 u antitoxin per kg diminishes 
toxicity 51 4-fold , 600 u, 114 x 51 4-fold , and 6000 u , 5 16 X 114x514 = 
3,023-fold The 5 16-fold decrease in toxicity for the 10-fold increase in antitoxin 
mjected (600 to 6000 u ) compared with the 11 4-fold decrease for the step 60 to 
600 u suggests that with very strong mtradermal toxin the constant propor- 
tionality between toxin and antitoxin, noted by Friedemann (1947) m the rabbit, 
does not hold (see p 326) 

At the lower end of the curves, where lesion-diameters are <6-8 mm , there 
was sometimes a departure from linearity, the curves dipping more steepty to 
the 3-5 mm values These values, covering the range of diameters of the nnld 
inflammatory lesions produced by saline alone, must, for practical purposes, be 
considered as the base line of non-toxicity Nevertheless, as m Fig 5, 1, with I on 
concentrations of circulating antitoxin, the curves meet this base line at points 
whose distance apart is equal to the log decrease m antitoxin concentration That 
is to say, with concentrations of toxin up to 1000 times that giving a 12 5 mm 
lesion m the nor ma l animal, the degree of indirect neutralization is proportional 
to the concentration of circulating antitoxin, whether the neutralization is 
measured by shift of the dose-reponse slope or, as Friedemann and his colleagues 
found, by shift of end-pomt But with very strong toxin, simple proportionality 
does not hold, and antitoxin is less efficient 

The dose-response to directly neutralized toxin 

The picture is strikingly different for t?i vitro mixtures of toxin and antitoxin , 
Fig 2 is tvpical of the dose-responses to mixtures of a constant amount o anti 
toxin and graded amounts of toxin, held at 37° C for 1 hour be ore injec ion 
They differ sharply from those m Fig 1 , the upper part is approximate parall* 
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to that of toxin alone, but for lesion-diameters less than 17 to 18 mm , the curves 
dip steeply to the base-line at 3 to 5 mm In the similarly steep portions of the 
curve that sometimes occurred m indirect neutrahzation (Fig 5, I) the change 
of direction occurred only at lesion diameters of 6 to 8 mm , l e close to the 
lower end of the dose-response line 

As m Fig 1 and 6, I, the ratio of these end-pomt values is equal to the ratio 
of antitoxin concentration used From several titrations of this kind, the slope 
of this lower part of the curve was estimated as approximately — 35, a value 



Fig 2 — Direct neutralization of intradermal diphtheria toxm by antitoxin The non- 
linearity of the dose response curve, and absence of parallelism with the curve for toxin 
alone 

(а) Antitoxin nil 

(б) „ 0 0025 u 

(c) „ 0 02 u. 

that differs significantly from the slope for toxm alone or for indirectly neutralized 
toxm, which ranged from — 5 to — 9 It is presumably the steepness of the 
slope m direct neutrahzation that permits accurate intradermal 'measurement 
of antitoxic potency by titration against a fixed amount of toxm, since an end- 
pomt can be estimated with fair precision 

The dose-response to totem indirectly neutralized by late-administered antitoxin 

Returning to indirect neutrahzation, we find that variation m the period 
between injecting toxm and antitoxin has a notable effect which is readily 
measured m the same animal by injecting toxm at varying times before and after 
the intravenous injection of antitoxin Comparison of the dose-response to 
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toxin indirectly neutralized by antitoxin given before and after toxin, established 
the following facts 

With small doses of toxin, requiring relatively httle circulating antitoxin, 
there is no significant difference between the curves for antitoxin given 6 hours, 
2 hours, and 3 minutes (—3) before the toxin, and 3 minutes after (+3) the 
toxin Antitoxin given even 60 minutes later (+ 60) has considerable neutra- 
lizing power (Fig 3, typical of several tests) By regression analysis, the diffe- 
rence between the — 3 and -j- 3 curves was not significant, and between — 3 and 



Fig 3 — Indirect neutralization of mtradermel diphtheria toxin by 1 5 u antitoxin per 
kg Similarity of neutralizing potency of antitoxin injected three minutes beforo and 
after the toxin 

(a) Toxin in animals without antitoxin 

(b) „ given 60 minutes before antitoxin 

(®) it ii 30 ,, ti tt 

(d) 

» M ^ J* 99 » 

(®) 99 99 3 y» OftrGr »» 

The dose response lines were fitted from mean lesion diameters m five guinea pigs 


-(- 30 only just so , and, ta kin g a lesion-diameter of 12 5 mm for comparison, the 
potencies of the toxin m terms of its — 3 value, and the fiducial limits of error 
were 


Antitoxin 

None 

60 nun late 
30 nun late 
3 nun late 


Potency of toxin 
12 28 
2 50 
1 37 
0 S4 


Limits (P = 0 95) 

7 41-21 27 
1 53-4 IS 
0 83-2 25 
0 51-1 38 


Thus, even when the antitoxin is given GO minutes late, onh _ > t 1 b 
one-fifth of the toxin is not neutralized 
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The constant proportionality of toxin and antitoxin, already noted in Fig 
6, I, where the antitoxin was given at — 10 (le 10 minutes before to xin ), is 
disturbed when antitoxin is given late In Fig 6, II, with antitoxin given at 
-f 10, the ratios of toxicity with the different antitoxin levels, as far as can be 
estimated, are much less than the expected value of 4 

In Friedemann and Zuger’s (1939) Tables 3 and 4, the greatest effect of 
the late administration of antitoxin occurs with the strongest antitoxin This is 
also evident m Fig 4, where with 1 u antitoxin per kg the neutrahzation curves 
at — 12 and -j- 60 differ little, whereas the curve for 9 u antitoxm per kg has 



Eio 4 — Indirect neutralization of mtradermal diphtheria toxin by antitoxin Increasing loss 

of neutralizing potency -with increasing lapse of time between giving toxin and antitoxm 
I Toxin given 12 minutes after antitoxin 
II „ „ 60 „ before „ 

m ,, ,, 120 ,, ,> „ 

(a), (b), (c) and (d) respectively are the dose response lines from guinea pigs receiving 
0, 1, 3 and 9 u antitoxm per kg 


moved up considerably at -f- 60 The effect is presumably a consequence, not 
of the high concentration of antitoxm in the plasma, but of using the strong toxin, 
which m turn entails the use of the strong antitoxm Even with pre-admmistered 
antitoxm, proportionality is disturbed when the toxin is very strong (Fig lrf 
and c), and this disturbing effect of strong toxin appears to be exaggerated when 
the antitoxm is injected late Fig 4 also illustrates the fact that the indirect 
neutralizing power of antitoxin is small when the toxin lesions are two horns old 
These results offer little ground for supposing that a sharp distinction can be 
made between indirect neutrahzation by antitoxm given before and after toxin 
At the critical point, the moment of injection of toxin, the change is gradual 
The effect, however, is not symmetrical about this pomt, for whereas the diffe- 
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rence between antitoxin given 3 and 120 minutes early is negligible (see also 
Fnedemann and Zuger, 1939), that between 3 and 120 minutes late is striking 


The Implication of the Dose-response to Diphtheria Toxm 

The results so far reported largely confirm those of Fnedemann and his 
colleagues There are, nevertheless, certain features of the dose-response curves 
for directly and indirectly neutralized toxm which suggest several objections to 
Fnedemann’s hypothesis 



I Toxm given 10 mmutes after antitoxin 

H >> „ 10 „ before „ 

( a )< (&)> (c) and (d) are respectively the dose response curves from guinea pigs receiving 
0, 1 5, 6 and 24 u, antitoxin per kg 


Direct neutralization 

The characteristic change of slope m the dose-response to mixtures of toxin 
and antitoxin may be simply explained In Fig 2b the lesion from 1 ,040 IS is 
diminished to the size of that of 1/409G0 Lf (l e a 64-fold drop) by 0 0027 unit*- 
antitoxin, which therefore neutralizes 63 of these minimal doses (m d ) of 1 ,40000 
Lf Smce the antitoxin in these toxic mixtures may be awtimel to In ftilh 
saturated with toxm, ve may set down a senes of doses of toxin in terms of t lo- 
rn d , increasing 2-fold , and if from each figure ve subtract 6 i, tqun dent to tin 
neutralizing power of the antitoxin added, ve have as follows, 
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Toxin 
(m tl ) 

Antitoxin 

added 

Free 

toxin 

Ratio doso 
of free toxin 
to preceding 
doso 

1G 

03 

0 


34 

03 

0 


04 

03 

1 

00 

12S 

03 

05 

05 00 

210 

03 

193 

2 97 

512 

03 

449 

2 28 

1024 

03 

901 

2 18 

2048 

03 

19S5 

2 07 


Instead of a constant doubling of dose of free toxin, the effective doses (Column 
3) increase rapidly at first, and then, as the ratios in Column 4 shov , approximate 
more and more to the 2-fold increase The response to such a senes would cor- 
respond closely’ to that found (Fig 2b), and, moreover, with stronger antitoxin, 
the length of the steeper part of the hypothetical dose-response curve would be 
increased, as happens in Fig 2c 

The large difference between the slopes of the dose-response to toxin neutra- 
lised directly and indirectly (about — 35 and — 7) means that Fnedemann’s 
ratio At Ad, will vary with the degree of inflammation chosen as end-pomt in 
the toxin titrations In Fig 2a the slope for toxin alone represents the slope for 
indirectly neutralized toxin, since (Fig I) the one is parallel to the other , and a 
comparison of this slope with those for direct neutralization clearly shows how the 
non-parallelism ■will affect estimates of antitoxic efficiency at different lesion- 
diameters Even if consistent results were obtained with a well-defined end- 
point due to v eak toxin, the ratio w ould not be a valid basis for deducing a blood 
tissue ratio of antitoxin in lesions due to stronger toxin 

Indirect neutralization 

Fricdcinann s hypothesis postulates the establishment, very soon after its 
injection, of a protective layer of antitoxin of “ molecular dimensions ” over the 
‘m-ceptible ti«>ues of the skin The tissue antitoxin must in this case be uni- 
formly di-tributcd throughout a uniformly reacting tissue like the guinea-pig’s 
•'kin In contrast, the distribution of mtradermal toxin, injected from a single 
point m the -km is unlikeh to be uniform , and it will be profitable to consider 
v lmt it i-, and how it w ill affect indirect neutralization The distribution of toxin 
will depend on the one hand on the absorbing power of the tissues, and, on the 
other hand the outward flow of toxm solution from the needle-point first under 
the procure of injection, then under the pressure of the tissues distended with 
liquid b\ the force of injection and, when these mechanical forces are spent, by 
diffusion and other molecular forces On immediate injection, 0 1 ml of fluid 
regularly raise- a bleb 10 0 to 115 mm in diameter One hour later a flat 15 
to lt> mm bleb is recognizable under oblique illumination of the skua surface , 
and after a few hours the fluid is mechanically spread over an area about 20 mm 
m diameter It is questionable how far diffusion, etc , is operative, but lesion- 
diameter^ of up to 30 mm accord with the linear relationship described above, 
though they are presumably due to toxin spread by means other than the injec- 
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tion pressure But ru lesions up to 20 mm m diameter, the distribution of effective 
toxin may be assumed to be the resultant of adsorption of toxm and mechanical 
dispersion of the toxin solution alone , and for this part of the curve, the 
molecular dispersing forces may be neglected 

It is experimentally obvious that the distribution of toxm is not uniform, 
because, with increasing dose of toxm, the inflammation becomes not only more 
intense, but disproportionately more intense in the centre of the lesion — an 
effect commonly seen m lesions following the mtradermal injection of many 
toxic substances The concentration, then, may be assumed to be highest m the 
centre, and m each lesion there must be finally established, from the centre out- 
wards, a concentration gradient of toxm ending with the minimal intoxicating 
concentration at the periphery There are no data for,determimng the shape 
of this gradient It may resemble those m Fig 6a, b or c, or it may be a more or 
less exaggerated version of one of them It is convenient to assume a gradient 
with a feature common to all three, namely, a straight line, and later to consider 
whether conclusions derived from this assumption are vahd for other hypo- 
thetical gradients 

Calculation of hypothetical linear concentration gradients — Fig 6 d and e are 
median cross sections of lesions m which the concentration gradient is linear , the 
abscissa represents the diameter, and the ordinate the concentration of toxm 
The total dose of toxm is therefore represented by a cone whose base is the area 
of the lesion, whose height is expressed m arbitrary units of toxm and whose 
volume is 7 t/ 3 (area X height) Part of the toxm injected is ineffective because 
of the basic natural immunity of the skm tissue The distribution of toxm in 
the maximum ineffective dose is represented m Fig 6 d by the shaded triangle 
whose base is 2 z, where z is the radius of the circle over which the toxm is distri- 
buted, and whose height is Ci, the maximum concentration of ineffective toxm 
at the centre of the injection site , Gi is therefore a measure of the basic natural 
immumty of the skm, and is uniform throughout the skm area used m the titra- 
tion of toxm (p 322) When the central concentration of toxm is >Ci (Fig 6e) 
measurable inflamm ation occurs , r is the radius of the lesion, and Ce is the central 
concentration of effective toxm The maximum ineffective dose (m i d ) of toxm 
is determinable by extrapolation of the dose-response line to zero lesion-diameter, 
and is a convenient unit measure of toxm From Fig 6d, 1 m i d = z 2 Ci tt/ 3 
Expressmg the dose of toxm as x m i d , when x>l we have from Fig 6c 


x = z 2 ( Ce -f- Gi) tt/3 

Since tt/3 is a constant and nearly unity (I 047) the equation may be written 

x = s 2 {Ce + Ci) (1) 

The effective part (Te) of the dose ^ is clearly 

Te = r~Ce 

But from the figure 

z — r(Cc -f Ci)lCc 

Substituting m (1) we have 

rlr- -= (Ce + Ci)*/Cc- (-) 


In tins equation x and r are determinable, z is eliminated, and Ci is bv definition 
a constant 
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A« a numerical example we may take a dose-response line determined eaily 
in this work m which a two-fold decrease m the dose ^ decreased the ladnis by 
1 5 mm B\ extrapolation the mid was 1/512,000 Lf In the expression for 
the dose rc-pon-c line d = b log x = 2r , 6 is therefore — 10 and r = — 5 log x 
Since the -lope /> is negative only because the graphs record increasing dilution * 
of toxin from left to right, we mav omit the minus sign and write r = 5 log % 
Apph me tins to (2) we find by differentiation that the minimum value of x/r- is 
o p»j and f't = 0 05S m l d One mid of toxin is therefore 0 05Ss 1 2 , and z, the 
i.iduis of spread of ineffective toxm, is 4 15 mm That is, 1/512,000 Lf of toxin 
proud- mer an area S 3 mm m diameter 

\\ it h regard to effective doses of toxm, there is no simple solution of equation 
(2) to got Ci in terms of a /r 2 * and Ci The values m Table II wore obtained empm- 
< alh Y\ hen, for example, 1000 mid are injected, the lesion diametei is 30 
mm and 90 per cent of the dose is toxic , with a dose of 4 m i d only 14 7 pei 
cent is toxic, and produces a lesion 0 mm m diameter The toxm gradients for 
this scries of doses is illustrated in Fig 0/ The most striking feature is the 
higlilx disproportionate increase in Cc as the dose increases, if the toxm is to be 
accommodated in lesions of the diameters observed expenmentally Cc in 
lesions 15 and 30 mm in diameter is 5 5 and 65 6 tmies that m a lesion G mm in 
diameter 


Table II — The Relation Bet Keen Lesion -Diameter and the Distribution of 
Toxm After Iniradermal Injection (sec Fig 6 f) 

Control 


Jtadius 

Total 

concentration 

Amount 

Percentage 

of 

dose of 

of effcctn o 

of effect l \0 

of X 

le-ion 

toxin 

toxm 

toxm 

that is 

(inm ) 

(m i d ) 

(mid) 

(mid) 

effect i% o 

r 

X 

x/r 5 = Cc 

r-Ce = Tc 

100(x - Tc) jx 

1 

1 5S 

0 016 

0 016 

1 1 

3 

3 9S 

0 065 

0 585 

14 7 

5 

10 00 

0 150 

3 750 

37 5 

7 5 

31 62 

0 358 

20 137 

63 7 

10 

100 

0 814 

81 400 

SI 4 

12 5 

31 G 2 

1 820 

2S4 375 

S9 9 

15 

1000 o 

4 26S 

960 300 

96 0 


For cxplanat 

ion of symbols, sco p 

329 



1 he import mce of this numerical demonstration, which serves mainly to 
emph i-i/e the experimental commonplace of disproportionately increasing 

-eurity m the centre of skin legion with increasing dose of toxm, lies m testing 

the \aluht\ of rricdemann s hypothesis of an immediately established, definitive 

concentration of antitoxin m the tissues Translated into the terms used above, 

the hvpothe-H postulates that immediately after intravenous injection of anti- 
toxin, Ci i c raised uniformh throughout the skin and that no subsequent increase 
in C i i- eflectne Thus in the experiment summarized m Fig 1, an intravenous 
concentration of 60u antitoxin per kg decreased the potency of the toxin 31 4- 
fold on Fnedemann «? hypothesis Ci was increased 51 4-fold But it is clear 
ul-o from Tig 1 that the slope for toxm alone is almost parallel to that for toxm 
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indirectly neutralized by 60 u per kg , the two slopes were respectively — 5 23 
and — 7 46, and did not differ significantly from one another These two state- 
ments, however, are not compatible with the relation of b and Ci m equation (2) 
Since r — 6/2 (log x), we may rewrite the equation 

Axjb 2 log 2 x — (Ce + Gi) s /Ce 2 . 

Both these functions have the same minimum , and since the minimum of 
Ax lb 2 log 2 x is a multiple of 1/b 2 , and the minimum of (G'e -f- Ci) 3 /Ce 2 is a multiple 
of Gi, Ci x b 2 is a constant, and 

b 2 yl/Ci 

That is, as Ci increases, b, the slope of the dose-response hue, decreases Given 
— 5 23 as the slope for toxin alone, the slope for indirectly neutrahzed toxin 
should, on Fnedemann’s hypothesis, be — 6 23/y'ol 4 — — 0 73, a sevenfold 
diminution Now, the estimates of the two slopes in Fig 1 are subject to error, 
but the regression analysis would certainly have detected as heterogeneous 
any slope differing by a factor even of two, from that of the dose-response to 
toxin alone 

Non-linear concentration gradients The values for Gi -f- Ge derived from 
equation (2), for the concentration of toxin at the centre of the lesion provide 
a means of testing whether toxin is absorbed to the tissues according to Freund- 
hch’s absorption isotherm The constant absorbing surface is represented by 
a narrow cylinder of tissue at the centre of the lesion, and the amount absorbed 
is (Ci + Ge) The concentration of toxin added to this system is x in the notation 
used above The isotherm is 

(Ge + Ge) — ax n 

or log((7t + Ge) — log a -f- n log x 

where a is a constant and n < 1 , and the data may be considered to fit if the 
relation between log(Ci -f- Ge) and log x is linear Table III lists the relevant 
data from Table II The plot of values m Columns 3 and 5 he close to a straight 
hne The approximate value of n, however, is > 1, being 1 15 , implying that the 
greater the concentration of toxin, the greater the proportion of toxin absorbed 
Consequently, if the isotherm apphes, the acutely peaked distributions m Fig 
6/ are highly unlikely To meet this difficulty we may assume that at the 
centre of the lesion u substantial core of tissue contains the maximum concentration 
of toxin That is, the distribution is m the form of a truncated triangle, and 
approximates more to Fig 6a or b 

Table III — The Absorption of Toxin at the Centre of Slm-lcsions m Terms 
of Dose Injected Freundlich’s Absorption Isotherm 


r 

Cc + Ci 


X 

Log r 

(ram ) 

(raid) 

Log (Cc + Ct) 

(mid) 

G 

0 123 

2 8129 

3 9S 

0 6 

10 

0 20S 

1 1761 

10 0 

1 0 

15 

0 41G 

I 5539 

31 6 

I 7 

20 

0 S72 

I 9106 

100 0 

2 0 

25 

23 

1 S7S 

0 2601 

316 0 

2 5 
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2 ^ erthele=s, with regard to all the hypothetical concentration gradients 
other than the linear, it will be clear from the values of Ge in the table that a 
ereatlv disproportionate elongation of the distribution curve of toxin m the 



} in 0 — Dm^ronn of the distribution of diphtheria to\in in median cross sections of skin- 
1 nib after mtrndonnal injection 

(<i) (/>) and (c) Po'-uble tvpcs of the gradient of toxin concentration from the centro of 
tin 1 -ion 

(d) and (r) Distribution of a maximum ineffectno dose (mid), and of an offectn o doso of 
toxin with a lmt ar concentration gradient 

(/) llvpoth tn.nl distribution of graded doses of toxin, with linear concentration gradients, 
in guiin i pit. shin 1> 'ions, for a dose response where r = 5 log x (Tablo II) 


le-ion will occur as the dose increases, whatever the shape of the distribution, 
and on Fnedemanns hvpothesis, therefore, that a decrease m slope is likely 
vith increased C i It nught be possible to devise a concentration gradient, 
different from the simplified hnear gradient from vhich equation (2) was derived, 
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such that the slope of the dose-response would remain constant with increasing 
Gt But two hypotheses are now required to explain the observed constancy 
of slope Firstly, that Gi is uniformly raised to a definitive level soon after the 
injection of antitoxin — a consequence of the properties of antibody globulin 
and capillary endothelium , and, secondly, that the distribution of a quite 
different substance — diphtheria toxin — in skin tissue is precisely adjusted to 
compensate for any rise in Gi from that of normal tissues to at least (Fig 5) 
3000 times this value It is more economical of hypotheses to assume that the 
degree of indirect neutralization is determined primarily by the distribution 
of toxin, without any assumption about the establishment of a definitive con- 
centration of antitoxin m normal tissues 


Factors affecting indirect neutralization 

The simplest assumption is that the degree of indirect neutralization, i e 
the rate at which antitoxin passes through the capillary walls, is a function of 
the concentration of toxin in the tissue , m other words, that toxin stimulates 
the passage of antitoxin Toxins like those of Cl welchn, Cl sephcum, or the 
cobra rapidly mcrease the capillary permeability m the skin of the guinea-pig 
In animals with pontamine sky blue 6 X (75 mg per kg body weight) m the 
circulation, these toxins in 5 to 30 minutes induced intense staining of the lesion 
by exuded dye-stained plasma, the speed and area of exudation bemg greater 
with higher concentrations of toxin No such exudation occurred m diphtheria 
toxin lesions up to 7 hours old In 8- to 9 -hour lesions there was shght exudation 
of coloured plasma m irregular areas round the periphery, and 20-hour lesions 
were readily permeable to circulating dye Gross capillary trauma m the first 
six hours may therefore be excluded 

The tiauma of injection The injection of 0 1 ml of 0 85 per cent sahne, 
or of Ringer’s or Locke’s solution, did some damage, producing a faint blue stain 
3 to 4 mm m diameter when the fluid was injected slowly in 2 to 3 seconds, 
and up to 5 mm when the fluid was injected as rapidly as possible to produce 
maximum trauma Since antitoxin might exude into the tissues by reason of 
the trauma, and affect the whole lesion, the magnitude of this traumatic leak was 
estimated 

In the first place it takes place mainly m the first hour after injection, because 
when pontamine blue was mjected into a nim als with sahne lesions one hour old, 
the blueing was about 20 per cent of that m lesions made in animals with already 
circulating dye, showing that after 1 hour the tissues had largely recovered from 
the injection- trauma 

Secondly, the volume of plasma leaking through is small The mean area 
and intensity of blueing after 1 hour w as estimated m several lesions made by 
injecting 0 1 ml sahne into two guinea-pigs with circulating pontanune blue 
Three ml samples of blood from both animals were then defibnnated, mixed 
and centrifuged, and the dyed serum diluted serially The undiluted serum 
was injected mtradermally into fresh animals m 0 01, 0 015, 0 02 and 0 03 ml 
volumes from a nucrosyringe and the mean diameter of the blued areas measured 
to piovide a standard volume-area relation At the same time 0 1 ml of the 
scrum dilutions were injected to provide standards for intensity B\ direct 
matching of these lesions with the blue sahne lesions, the \oIume of circulating 
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plasma required to produce the observed degree and area of blueing bj exudation 
or leak could be estimated , m the two animals it proved to be 0 0013 and 0 0025 
ml respectively These figures are reliable only as indications of the order of 
size of the plasma leakage induced by saline 

Thirdly, antitoxin m volumes similar to that of the sahne leak does not affect 
toxin lesions Guinea-pigs were injected with enough toxin to produce lesions 
IS mm m diameter, and immediately afterwards, 0 005 ml volumes of anti- 
toxin solution (representing twice the volume of the estimated sahne leak) w ere 
injected with a microsynnge into the centre of the blebs Antitoxin in con- 
centrations up to 2000 u per ml , which is farm excess of the plasma concentiation 



Fig 7 — Tho “ transient zone ” phenomenon following the rntradermal injection of diphtheria 
tovin into (rumen pigs with circulating pontammo blue The heights of tho shaded areas 
represent twice the width of the zone of transient grey-blue coloration in lesions 2 hours 
(loner band), 3 hours {middle band) and 41 hours old ( upper band) 

in indirect neutralization, failed to dimmish the size of the lesion significantly 
This result incidentally suggests that diffusion of antitoxin from the centre of 
an injection bleb is exceedingly slow, for the amount injected was in some cases 
sufficient to neutralize several thousand times the amount of toxin present 

For these reasons, the capillary permeability induced by the unavoidable 
trauma of injection is a negligible factor in indirect neutralization h> antitoxin 
The “transient-zone ” phenomenon Certain changes, however, occur m the 
early stages of toxin lesions m animals with circulating dye As the lesion ages, 
a faint but definite grey-blue colour, more intense and darker than that of the 
surrounding skm, develops at the centre The area of this coloration expands, 
and at the same time the colour in the centre changes to a fighter blueish-pmk, 
leaving a zone of grey -blue which expands till it reaches the edge of the lesion and 
then disappears Fig 7 epitomizes the essentials of this phenomenon of the 



FIXATION OF DIPHTHERIA TOXIN TO SKIN TISSUE 


335 


expanding, transient zone The measures were made in guinea-pigs given 4 
different mtradermal doses of toxin at four different times, so that one hour after 
the intravenous injection of dye, when the readings were taken, the four titration 
senes were respectively 1, 2, 3 and 4| hours old The grey-blue zone appears 
first after 2 £ hours, in the centre of the lesion (where toxin is most concentrated) , 
it is wider and appears earlier with the large doses of toxin, and reaches its 
maximum size in about 5 hours, and then gradually disappears The pheno- 
menon cannot be elicited easily in all guinea-pigs Some show it m all lesions 
of the right age and others erratically, only m a few lesions , but in all the animals 
tested there was some sign of it, and it may therefore be taken as a characteristic 
feature of the reaction of guinea-pig skin to diphtheria toxin It is not due 
to an impurity m the toxin because it did not occur with toxin mixed with a 
just-neutrahzmg dose of antitoxin Nor is it likely to be a subliminal effect 
of any substance m the toxin which produces gross capillary permeability, because 
the toxin was used at dilutions of 1/640, and induced gross permeability only 
when 1/5 (containing 15 6 Lf per ml ) was injected The grey -blue colour was 
diminished by pressure, and appeared to be due to an intense transient vascular 
dilatation lasting about 1 hour in any one part of the lesion The phenomenon 
is not the same as the “ traumatic reaction ” described by Jensen (1933) in 
rabbits, which is maximum m 6 hours with a diameter of only 4 mm , this also 
Was observed in the guinea-pig lesions It must be considered m the light of 
vascular physiology Between the permeability of capillaries m normal skeletal 
tissue, permitting a slow passage of serum protein, and the gross permeability 
induced, for example, by histamine, peptone, certain bacterial toxins, and by acute 
inflammation (Field, Drinker and White, 1932), there may be a range of perme- 
abilities characteristic of different physiological and pathological states Whether 
in the transient zone there is any mcrease m the transendothehal passage of 
antibody can be decided only by direct demonstration of increased globulin 
exudation in these oircumstances Nevertheless, the toxin lesion obviously 
exhibits a substantial vascular abnormality m its early stages, which may be 
a factor m indirect neutralization 

The rate of fixation of toxin m shin tissue 
Though it is tempting to regard the gradually increasing mefficacy of late- 
admimstered intravenous antitoxin as a direct measure of the rate of fixation 
of toxin (Glenny and Hopkins, 1925), our ignorance of changes m capillary 
permeability m a progressive infla mm atory lesion does not warrant it For 
this leason, Wright and Clark’s (1944) results are important and instructive 
They injected antitoxin into toxin lesions already established in the human 
skin, and found that lesions 8 to 12 hours old were modifiable in some degree by 
the antibody It is possible to elaborate his findings in the more accessible guinea- 
pig The 6 1 nil volumes of toxm vere injected through a fine needle coated 
on the outside with a dye and inserted m a determined direction Through the 
needle-hole thus stained with dve it vas possible to “ supennject antitoxin, 
using a slightly wider needle to avoid back leak along the old needle track and 
thus to ensure a distribution of both toxin and antitoxin solutions from the sanu 
point m the skin The technique has certain drawbacks Firsth , became tin 
toxin may have spread beyond the confines of the inject ion-bleb In tin time 
antitoxin is supennjected, a larger volume of antitoxin solution (u _ ml ) i- 
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required if the antibody is to reach the limits of intoxicated tissue , and this 
volume of fluid, apart from its antitoxic effect, might dnve unfixed toxin further 
from the point of injection, and create a potentially bigger lesion In these 
circumstances a supermjected lesion at 24 hours, of the same size as the control 
lesion, might be evidence of a considerable neutralization, though apparently 
mdicating none To overcome this difficulty controls supermjected with saline 
were mcluded m all tests 

Secondly, a lesion supermjected immediately after toxin is necessary as a 
reference point In practice, the immediacy could not be approached nearer 
than 2 seconds, and 5 seconds in a senes of injection, if a constant t im e interval 
were to be maintained Controls were also mcluded of injections of 0 3 ml 
of the appropnate toxm-antitoxm mixture made in vitro, and of 0 1 ml toxin 
supermjected mto blebs made by 0 2 ml antitoxin , but the conditions differed 
so much from the test lesions that only gross differences m results were signi- 
ficant 

Fig 8, I, records the results of one test with a dose of toxin yielding a mean 
lesion-diameter of 19 3 mm Supermjected with saline, the lesion-diameter was 
25 8 mm. , the saline effect slowly declined as the supennjection was delayed, 
and was small after a 3 hours delay This phenomenon is itself evidence agamst 
an immediate fixation of toxin, but only on the assumption that the super- 
mjected sahne was dispersing the original diphtheria toxin, and not a secondary 
inflaming agent produced by the action of toxin on the tissues However, the 
neutralization by antitoxin supermjected at the corresponding times (lower 
curve) proves that the large “ sahne ” lesion-diameter (S) is due to dispersion 
of the toxin itself, the “ antitoxin ” lesion diameter (A) is 13 6 mm less than S, 
and 7 1 mm less than the “ toxin control ” diameter 

Though both upper and lower curves indicate a delayed fixation of toxm, 
they do not reflect the rate of fixation Neutralization by supermjected anti- 
toxin is direct, and at first sight the difference, S — A, should he on a dose-response 
curve similar to that m lower part of b and c m Fig 2 That is, on a slope of 
about — 35, when the ratio (R) of potencies of neutralized and un-neutralized 
toxm would be antilog [(S — A)/35] The S lesion, however, is not a vahd 
control for this purpose If the lmmediately-supermjected 0 2 ml saline merely 
diluted the 0 1 ml toxm solution already present, the resulting lesion should 
resemble that produced by the same amount of toxm injected m a volume of 
0 3 ml But a change from 0 1 to 0 3 ml m the volume m which a given amount 
of toxm is injected does not alter the size of the lesion For example, eight 
guinea-pigs were mjected with four concentrations of toxm (1/400, 1/800, 1/1600 
and 1 /3200 Lf/ml ) each m volumes of 0 05, 0 1, 0 2 and 0 4 ml The injection 
sites were partially randomized among the animals For each combination of 
toxin concentration and injection- volume, the mean lesion-diameters in mm 
were 

Volume injected (ml ) 


Lf/ml 

0 4 

0 2 

0 1 

0 05 

1/400 

26 9 

20 4 

16 5 

12 5 

1/S00 

21 3 

16 1 

11 5 

10 5 

1/1600 

16 8 

13 0 

9 4 

7 0 

1/3200 

11 5 

10 2 

7 9 

4 6 
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Beading diagonally upwards from left to right, it will be seen that the same 
amount of toxin produces approximately the same lesion-diameter Thus 
0 4 ml of 1/1600, 0 2 ml of 1/800 and 0 1 ml of 1/400 give lesions 16 8, 16 1 
and 16 5 mm in diameter The increase in size by supennjected saline is there- 
fore due to a mechanical displacement of toxin, which must to some extent 
be pushed outwards by the saline, piston-wise, along the narrow intercellular 
channels forced open by the injection The concentration gradient of to xin 
that characterizes a single injection of toxin, and consequently the dose-response, 
is therefore disturbed by supennjection, so that the mean slope of — 35 is not 
valid. 



01234501234 

Hours 

^ IO ® --Tho effect in the guinea pig of superinjectmg saline (uppermost curve) and antitoxin 
into diphtheria toxin skin-lesions of various ages 
I. Toxin Lf 1/1000, antitoxin 0 002 u 

XL „ Lf 1 / 250, „ 0 002 u (middle curve) and 0 128 u (lower curve) 

aach curve is tho mean from three guinea pigs, each with two sets of lesions 


But sabne has little effect m lesions 2—3 hours old, so that in these the initial 
concentration gradient must still obtain The value of (S' — A) is therefore a 
better measure of decrease m toxicity, where S' is the mean value of Sm lesions 
supennjected with saline after 3 or more hours Antilog [(S' — A) /35J is then 
a better measure of R, the ratio of potencies of neutralized and un-neutrahzed 
toxin, If at each reading (0, 1, 2 . etc hours) the potency of toxin in 

the S' lesion is taken as unity, that in the A lesion is 1 /R, and I — 1 /R is the 
proportion of toxin neutralized Putting the value of 1 — I/R at 0 hours = 
a, when neutralization by supennjected antitoxin is maximum, the percentage 
neutralization after longer penods m terms of this maximum is 100(1 — I/R) /a 
These values from the experiment illustrated m Pig 8, I, are listed m Table IV. 

In another experiment (Fig. 8, II) it was clear that, compared with weak 
antitoxin (0 02 u /ml ), antitoxin 64 times as strong (1 28 u /ml ) could affect 
toxin even m lesions 5 and 6 hours old But the general effect of the two con- 
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Table IV The Calculation of Percentage Neutralization by Antitoxin Super- 
injected into Intradermal Toxin Lesions of Various Ages (see Fig 10) 


Supennjeetion 

after 

(hours) 

0 

1 

2 

3 

4 

5 


Ratio toxicity 
A and S' lesions 


(S' 

-A) 

R = antfloe 

(mm ) 

(S'~ 

A)/35 

8 

47 

1 

75 

6 

89 

1 

57 

5 

64 

1 

45 

3 

72 

1 

28 

2 

49 

1 

18 

1 

14 

1 

08 


Proportion 

toxin 

neutralized 
= 1-1 (B 

0 429 

Neutralization 
as percentage 
of maximum 
possible 
100p/0 429 
100 0 

0 363 

85 0 

0 320 

74 5 

0 185 

43 2 

0 152 

35 5 

0 068 

15 S 


For explanation of symbols, see p 337 



Fro 9 — Tho rate of fixation of mtradermally injected diphtheria toxin, as indicated by the 
percentage decrease m the neutralizing potency of supermjected antitoxin mth increasing 
ago of lesion 


centrations of antitoxin is the same, as Tig 9 shows, where the percentage 
neutralization from, the two experiments summarized in Tig 8, I and II, and 
from, a tlnrd experiment with 0 02 u /ml of antitoxin, are plotted In all, there 
is in the first few hours a similar proportional diminution of neutralizing pov er 
of antitoxin with the age of the lesion at the time of supennjeetion, and, by 
implication, a roughly constant rate of fixation of toxin to the tissues The 
conclusions of previous investigators (e g Schick, Kassowitz and Buracci, 1 910 , 
Glenny and Hopkins, 1925 , d’Antona, 1937 , Pethenck and Singer, 1944 , Wright 
and Clark, 1944) about the slow rate of fixation m the slan are thus confirmed 
The rate m other, more susceptible, tissues is largety unknown, though the 
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experiments of Doerutz (1899) on the rapidly developing mefficacy of intravenous 
antitoxin after intravenous toxin, suggest that the skin may be exceptionally 
slow m this respect 


The competition for toxin between tissue and antitoxin 

The curves m Fig 8 demonstrate that whereas the concentration gradient 
resulting from a primary intradermal injection can be disturbed by saline super - 
injected up to 3 hours later, it is susceptible to modification by antitoxin for 
2 to 3 hours longer That is, toxin that cannot be shifted mechanically can be 
neutralized m situ by antitoxin, which presumably combmes with already 
“ fixed ” toxin Three stages m fixation m the skin are distinguishable 

(1) Simple absorption of toxin to the tissues , it takes place immediately 
on injection, and determines the concentration gradient of toxin in the slon, 
and therefore the nature of the dose-response revealed by inflammatory lesions 
24 hours later 

(2) Fixation of absorbed toxin so that it cannot be reversed by a limited fowl 
of sahne , it is complete within 2 to 3 hours of injection 

(3) Fixation of absorbed toxin which is so firm that it cannot be reversed 
by antitoxin , it is complete within 5 to 6 hours of injection This degree of 
fixation is most important in antitoxin therapy 

Between Stages (2) and (3) there is clearly competition for the toxin between 
tissues and antitoxin Do these three stages occur m the indirectly neutralized 
skin lesion, and if so, is there competition in Stage (1) ? 

When intradermal toxm is completely neutralized, it is theoretically possible 
that the injected toxm meets sufficient tissue antitoxin to neutralize it, and that 
antitoxin and tissues do not compete for toxm N But it is equally possible that 
some, and perhaps a large part, of the toxm is neutralized by antitoxin passing 
through the capillary endothehum after the injection of toxm , and m this case 
there would necessarily be competition between tissues and antitoxin 

In an animal with already circulating antitoxin that receives intradermal 
toxm, the removal of circulating antitoxin a few moments later should not affect 
the neutralization of the toxm if Fnedemann’s hypothesis is true Any increase 
of lesion-diameter, compared with a control animal left with its circulating 
antitoxin, would suggest that neutralization contmued after the injection of 
toxm It may be objected that increase m lesion- diameter would m such cir- 
cumstances not necessarily disprove Fnedemann’s hypothesis, since the anti- 
toxin equilibrium is disturbed, so that the newly-formed toxm-antitoxm complex 
m the tissues dissociates, releasing toxm But m this case it would clearly be 
necessary to postulate competition between tissues and antitoxin, and Fnede- 
mann postulates that there is none 

The rapid removal of blood from a passively immunized guinea-pig and its 
substitution by antitoxm-free blood is technically difficult The recent advances 
m methods of purifying diphtheria toxoid provide a means of avoiding this 
difficulty, namely, neutralization of the circulating antitoxin with concentrated, 
innocuous toxoid 

Neutralization of circulating antitoxin by toxoid A specimen of purified 
toxoid prepared by Dr L Holt was available, containing 1700 Lf per mg A 
and 250 Lf per mg , its M R D was 10 Lf It readily formed a clear solution 
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m 0 85 per cent saline Its equivalence with the antitoxin used throughout the 
experiments was checked by constant-antigen (Ramon) titrations, and solutions 
were made containing 40, 80, 400 and 1200 Lf per ml The antitoxin was used 
at 40 u per ml Circulating toxoid per se did not affect intraderinal toxin. 
Toxin was titrated in 9 guinea-pigs , five minutes after the injection of the toxin 
three received 1 5 Lf toxoid per kg , intravenously, and three received 15 Lf 
per kg The dose-response curves from all three groups were linear, parallel 
and substantially coincident. 



Fig 10 — The offect of intravenous toxoid on the indirect neutralization of mtradermal 
diphtheria toxin by circulating antitoxin 

(а) Antitoxin ml , toxoid ml 

(б) Antitoxin 00 u per kg , ten “ equivalents ” of toxoid after 2 minutes 

(c) As (6), but the toxoid after 1 hour 

(d) and (e) As (6), but the toxoid after 2 and 3 hours 

(/) Antitoxin alone 

The “ deviation ” of circulating antitoxin by toxoid uas tned m guinea-pigs 
given 60 u antitoxin per kg , and mtradermal toxm 3 to 5 minutes later Tv o 
minutes after the toxm either 1,2, 10 or 30 equivalents of toxoid were injected 
intravenously In other tests, the toxoid and antitoxin were nuxed m vitro 
before injection The results were as follows 

One or two equivalents of toxoid given 2 minutes after toxm slightly dimin- 
ished the efficacy of the indirect neutralization , ten equivalents diminished it 
significantly (Fig lOu, 6 and/), but 30 equivalents were no better The curves 
c, d and e m Fig 10 show the decrease in the toxoid effect with increasing delay 
m injecting it after the toxm 

At first sight these results are compatible with Fnedemann’s hypothesis, 
because one equivalent, presumably neutralizing all circulating antitoxin, did 
not affect the skin toxm appreciably, and the ten equivalents may have done 
so by passing from the circulation into the tissues and disturbing the toxin- 
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antitoxin complexes already formed there ( cf the modifying effect of toxoid 
added to toxm-antitoxm mixtures m vitro , Schmidt and Scholz, 1929) There 
is, however, good evidence that the one equivalent of toxoid did not neutralize 
all the circulating antitoxin Thus, 10 equivalents of toxoid diminished the 
efficacy of antitoxin to the same extent when given just before the toxin, and 
when mixed with antitoxin m vitro, and injected either immediately, or after 
standing for 1 hour at 37° C. That is to say, the combination between 10 equi- 
valents of toxoid and antitoxin, whether taking place m vivo or in vitro, was 
mcomplete m the sense that some antitoxin was available in vivo for the neutrali- 
zation of tissue toxin Moreover, smce the degree of neutralization was the 
same in all cases, the effect of toxoid before or after toxin was the same as the 
injection m the first place of a smaller amount of antitoxin We must therefore 
conclude that, owing perhaps to slowness of combination and differences in the 
rates of removal of toxoid and antitoxin from the circulation, one equivalent 
of toxoid did not neutrahze m vivo , and that 10 equivalents acted by neutrali- 
zing the circulating antitoxin, and not by penetratmg the tissue and modifying 
any toxm-antitoxm complexes formed therein 

Reading off the 14 mm lesion-diameters m Fig 10, the toxic doses in Lf 
for no antitoxin (a), antitoxin -f- toxoid (6) and antitoxin alone (/) are 1/2500, 
1 /320 and 1 /40 In this instance the toxoid has diminished the antitoxic potency 
by half , so that at least half the neutralization m the skin lesion took place 
after the injection of toxin. 


DISCUSSION 

The neutralization of intradermal toxin is only remotely analogous to anti- 
toxin therapy of natural diphtheria Nevertheless, the skin lesion is peculiarly 
apt for investigation of the problems of antitoxin therapy It is surprisingly 
regular, and the regression fine of log dose upon lesion-diameter is linear and 
provides a measure of antitoxic efficacy whose statistical significance can readily 
be assessed The method is a logical extension of the “ multiple Schick test ” 
of Glenny, Hopkins and Pope (1924) , in addition to the end-pomt determined 
by such a titration the dose-response curves yield numerical information about 
the fate of the incompletely neutralized dose of toxin, as well as about the 
neutralized dose The end-pomt is in fact a limiting case , but without infor- 
mation about the conditions of which it is a limit, it cannot be considered repres- 
entative of the toxm-lesion in general I do not suggest that all diphtheria 
immunity should be measured by the response to graded doses of toxin, but the 
method deserves consideration when matters of special immunological interest 
are in question 

Fnedemann based his conception of the rapidly-established definitive con- 
centration of tissue antito xin upon the following arguments 

(1) Intradermal toxin is neutralized by circulating antitoxin in constant 
proportions It cannot therefore have combined with the tissues 

(2) The proportionality is disturbed when the antitoxin is given as little as 
two minutes after the toxin Toxin and antitoxin must, therefore, combine 
within at most two minutes 

(3) The degree of indirect neutralization is the same when the antitoxin 
is given two minutes and 3 hours before the toxin The tissue concentration 
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of antitoxin must therefore be constant over a period of hours, and rapidly 
estabhshed, at least in a molecular zone surrounding the susceptible cells 

(4) It follows that the ratio of indirect and direct neutralizing doses of anti- 
toxin {A% Ad) is a valid measure of the relative concentration of antitoxin m 
the blood capillaries and the tissues 

I have confirmed Fnedemann’s findings m (I) and (3) but not in (2) The 
disturbance of proportionality, and any difference- m the nature or degree of 
neutralization by antitoxin given a few mi n utes before and after toxin, are un- 
detectable when small doses of toxin are used It does not therefore follow that 
all effective combinations of toxin and antitoxin must take place within a few 
minutes 

With regard to (1), Priedemann’s conclusion is not inevitable Thus, if 
tissues and antitoxin competed for toxin , if fixation were proportional to the 
concentration of toxin , and if reversal of tissue-intoxication were proportional 
to the concentration of antitoxin continually passing from the circulation to 
the tissues, proportionality might hold equally well ' ' r 

The deduction from (3) may be correct , but the equilibrium so estabhshed 
is not necessarily definitive in the sense that the resulting concentration of tissue 
antitoxin at the moment of injecting toxin finally deterniines the degree of 
neutralization It is highly unlikely that m the normal animal the equilibrium 
is static , because, whether antitoxin is fixed to the tissues or not, when the 
tissues are saturated, excess antitoxm will be removed via the lymphatics and 
its place taken by antitoxm from the blood (Drinker and Yoffey, 1941) But if 
the equilibrium is dynamic, then the tissue concentration at the moment of 
injecting the toxin can be definitive only if the toxin is rapidly fixed to the tissues, 
and reversal of the fixation by antitoxm is impossible As the dose-response 
to toxin shows, toxm is rapidly absorbed to the tissues, otherwise the lesion- 
diameters made hy any dose of toxm above a certain concentration would tend 
to equal the hnnts of spread of the injection fluid , it is not, however, rapidly 
fixed, for fixation that is irreversible by sahne m a 2-hour-old lesion may to some 
extent be reversed by antitoxin m lesions up to 6 hours old 

Friedemann’s contention that the tissue, antitoxin is confined to a protective 
molecular zone round the cells, though it serves to explain the rapid establish- 
ment of equilibrium, does not affect objections to the hypothesis based on the 
demonstration of competition It is far more hkely that mtradermal toxm 
is neutralized progressively by antitoxin continuously passing across the capillary 
endothelium The transendothelial flow may be constant m the normal animal 
There is, moreover, no evidence that during the first five hours of a lesion when 
the fixation of toxm takes place, diphtheria toxin induces a pathological increase 
in capillary permeability as the a-toxins of Cl welchn and Staph aureus do , 
though after two hours the flow of antitoxm may be accelerated by a physio- 
logical lesponse of the skin vessels 

The moment the flow of antitoxin ceases to be effective will depend on the 
rate of fixation of toxin to the tissues, the concentration of antitoxin entering 
the tissues and the relative avidities of tissues and antitoxm for toxin Diph- 
theria toxin is a slowly-actmg capillary poison , though when it is injected 
into passively immunized animals together with substances that increase capillar} 
permeabihti , the efficacy of the circulating antitoxin is greatly increased (Friecle- 
maim, Traub and Langstadt, 194G) The strikingly low efficacy of indirect 
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neutralization of tetanus toxin (Fnedemann, Zuger and Hollander, 1939c) might 
•well result from an even lesser toxicity for capillary endothelium, and the notori- 
ously rapid fixation of toxin to neural tissue 

The inaccessibility of diphtheria toxin in the tissues to circulating antito xin 
is at first mechanical, then pharmacological The shortest period after which 
late intravenous injection of antitoxin will fail to neutralize intradermal toxm 
is important m antitoxin therapy but it is not a vahd measure of the rate of 
fixation of toxm The fact that intravenous antitoxin is largely ineffective 
given after 2 hours does not mean that the 2'hour-old lesion cannot be affected, 
but that the summation of antitoxin passmg into the intoxicated tissue necessary 
for neutralization is not reached m a certain critical time, (2 -f- x) hours The 
value of v is uncertain, but the results of supennjecting antitoxin suggest that 
x is greater than 1 hour, but not much more than 4 hours 

Though a rigorous experimental disproof of Fnedemann’s hypothesis is 
wanting, the demonstration of competition in the tissues and all that it implies, 
contradicts some of its postulates , and the analyses of the dose-response to 
toxm both alone, and directly and indirectly neutralized, are difficult to reconcile 
with it It follows that in the absence of data about rates of toxm fixation and 
transendothehal passage of antitoxin, and about the reversibility of the tissue- 
toxin combination, Fnedemann’s At Ad ratio cannot yield any precise infor- 
mation about the equdibnum values of the concentration of antitoxin inside 
and outside the blood vessels of the normal animal , and m any event, the At Ad 
ratio is formally mvahd, smce its magnitude depends on the response level chosen 
for intersecting two statistically heteiogeneous dose-response fines 


SUMMARY AND CONCLUSIONS 

When diphtheria toxm is injected mtradermally mto a gumea-pig it is absorbed 
immediately to the skin tissues A concentration gradient is thus established, 
declining outwards from a central maximum value depending on the dose of 
toxm, such that the diameter of the resulting inflammatory lesion at 24 hours 
is proportional to the logarithm of the dose of toxm mjected The resulting 
dose-response curve provides a measure of immuni ty that is more informative 
than the end-pomts determined by the usual methods of titration of toxm, and 
is susceptible to precise statistical analysis 

Immediately after injection the toxm is lightly held by the skm-tissues and 
can be washed away by saline Within 2 to 3 hours all the toxm is fixed too 
firmly to be removed by saline, but can still be neutralized to some extent by 
antitoxin That is to say, there is a degree of combmation of toxm and tissue 
that can be reversed by antito xin Antitoxin was not demonstrably effective after 
5 to 6 hours 

During the first six hours, fixation that is irreversible by antitoxin proceeds 
at an approximately uniform rate , there is little evidence that in this time the 
toxm mduces any pathological increase m the permeability of the blood capillaries 
It appears that m the normal guinea-pig, intravenously mjected antitoxin 
passes at a regular rate through the tissues mto the lymphatic system, and there 
is thus established a dynamic equilibrium across the capillary endothelium 
The equihbnum concentration m the tissues at the time of an intradermal dose 
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of toxin neutralizes only part of that dose , at least half may be neutralized by 
antitoxin passmg mto the tissues after the injection of toxin 

The moment at which circulating antitoxin ceases to be effective is therefore 
dependent on the rate of its passage across capillary endothehum, and the rate 
of fixation of toxin to the tissues In the indirect neutralization of mtradermal 
toxin, the moment occurs 2 to 3 hours after the injection of toxin Smce, however, 
the time interval is the resultant of two opposing rates, it is not a vahd measure 
of the rate of fixation of toxin , and for the same reason, the ratio of the amounts 
of antitoxin neutralizing a standard dose of toxin by the indirect route and by 
direct mixing m vitro, is not a vahd basis for estimating the equilibrium values 
for the concentration of antitoxin inside and outside the blood capillaries of the 
normal animal 

I am mdebted to Dr L Holt for supplies of toxin and purified toxoid , to 
Dr W L M Perry for statistical analyses , and to Dr Perry and Mr P Arnntage 
for mathematical assistance 
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The study of haemolysms produced by streptococci and of antibodies against 
them was greatly clarified by Todd (1938), who first clearly differentiated strepto- 
lysin “ S,” a serum-soluble, oxygen stable haemolysm, from streptolysin “ 0,” 
which is readily formed m serum-free media and is inactivated by oxygen It 
has been shown by him (Todd, 1932), and by many workers since, that strepto- 
lysin “ 0 ” is a powerful antigen, and that infection with strains of streptococcus 
which produce this haemolysm is generally followed by a sharp nse in the anti- 
streptolysin “ 0 ” content of the serum Streptolysin “ S,” on the other hand, 
does not readily give rise to antibodies, and although sera from various animals 
have long been known to contain inhibitors of “ streptococcal haemolysm ” 
(Lyall, 1914 , McLeod and McNee, 1913), no increase m inhibitory action was 
observed after injection of haemolytic streptococci Todd, however, claimed 
that by prolonged courses of intravenous injections of living Group A strepto- 
cocci it was possible to obtain antisera in rabbits to streptolysm “ S,” that such 
antisera were specific for streptococci of this group, and that antibodies against 
streptolysm “ S ” were distinct from those agamst streptolysm “ O ” (Todd, 
1938, 1939 , Herbert and Todd, 1944) In 1939 Todd, Cobum and Hill pub- 
lished a study of the antistreptolysin “ S ” and “ 0 ” titres m normal adults, 
and m children with haemolytic streptococcal infections with and without 
rheumatic fever The variations m antistreptolysin “ S ” titre were not large, 
but from a statistical analysis of their data these authors concluded that m 
response to infection with haemolytic streptococci there is a nse m the anti- 
streptolysin “ S ” titre considerably above the normal level m the sera of all 
groups studied, with the exception of those children who developed clinical signs 
of rheumatic activity Furthermore, during rheumatic attacks the antistrepto- 
lysin “ S ” titres tended to be lowest when the clinical symptoms were most 
pronounced 

Since antibodies to other streptococcal products (e g streptolysm “ 0,” 
streptokinase, hyaluromdase, proteinase) have been shown by other workers 
to be increased m the sera of patients with rheumatic fever in much the same 
way as m the sera of persons with streptococcal infections, but without clinical 
rheumatic activity, it seemed that the antistreptolysin “ S ” response might be 
a clue to some significant difference between the rheumatic and the non-rheumatic 
groups A limited study of such sera, which is reported below, showed that 
nearly all sera taken from sick persons had lower anti-streptolysin S titres 

* On the external staff of the Medical Research Council 
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than those from, normal people, and failed to reveal the diff erence found by 
Todd, Cobum and Hill (1939) between those streptococcal infections which were 
accompanied by clinical rheumatic fever and those which were not The 
investigation was extended therefore to attempts to produce immune sera to 
streptolysin S in rabbits and a horse, both by the injection of living strepto- 
cocci and by potent filtrates of yeast nucleic acid broth cultures (Okamoto, 
1939) These attempts were not successful, and since an exa min ation of seia 
from several species of animal revealed considerable amounts of antistrepto- 
lysin “ S ” m cases where any streptococcal infection could be excluded, the 
status of antistreptolysin “ S ” as an antibody in the accepted sense of the 
word is called m question In this paper are presented the results of antistrepto- 
lysin “ S ” investigations m untreated sera 


g era MATERIALS AND METHODS 

Sera were obtained fresh and were stored without preservative at — 20° C 
No alteration m antistreptolysin titres were observed during several months 
under these conditions 

Streptolysin ‘ S ” 

Two strains of Group A streptococcus were used for production of stiepto- 
lysm “ S ” During the earlier stages the strain used (NY5) was a Type 10 
streptococcus, which produced powerful streptolysin “ S ” and some stieptolysm 
“ 0 ” It was grown at 37° C overnight in a beef heart infusion broth containing 
10 or 20 per cent horse serum The cocci weie centrifuged down and were 
extracted with horse serum, thereby giving a powerful haemotoxin, winch was 
stored m ampoules at — 76° C 

During the later stages there became available a Type 11 stram (Blackmore) 
which had previously been shown by Todd to produce streptolysin “ S ” but not 
“ 0 ” This stram was grown overnight at 30° C m 20 per cent serum broth, 
and the euglobuhn fraction of the supernatant fluid, winch contained the bulk 
of the streptolysin activity, was precipitated according to the method described 
by’ Herbert and Todd (1944) The precipitate was dissolved m borate buffer 
sahne pH S 0, and stored m ampoules at — 76° 0 At this temperatuie both 
the above preparations were stable for at least 6 months, although at — 20° C 
or higher the}" rapidly declined m potency 

Ton ards the end of this investigation it became desirable to have a preparation 
of streptoly’Sin “ S ” free from serum, m order to eliminate possible effects of the 
serum moiety Use vas made of the observation of Okamoto (1939), recently 
amplified by Bernheimer and Rodbart (1948), that in the presence of yeast 
nucleic acid large amounts of oxygen stable streptolysin are found even in the 
absence of serum Strain Blackmore grown for 24 hours in infusion broth 
contaimng 1 per cent yeast nucleic acid yielded a potent haemolytic filtrate, 
which was reasonably stable at — 20° G or at 4° C As will be shown beloiv , this 
filtrate was serologically equivalent to haeraolysm produced in serum broth 

Finally’', for comparison, a strain of group C streptococcus (Loewenthai M) 
Was grown m 20 per cent horse serum broth m the same manner as the Group A 
Type 1 1 strain, and from it the haemolytic euglobuhn fraction v as also prepared 
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Titration of antistreptolysin “ S ” 

The method used was that given by Todd (1938), in which the unknown 
serum is titrated against a sample of streptolysin which has been standardized 
agamst a standard serum at the time of test The estimations were carried out 
m borate buffer saline, at pH 8 0, and rabbit erythrocytes were used as indicators 
It was found that a suitable amount of streptolysin was that which caused 50 
per cent lysis of the erythrocytes m 2 hours under standard conditions A 
normal human serum was set aside as a standard , it was kept stored at — 20° C 
To it was assigned an arbitrary value of 10 units antistreptolysin “ S ” per ml 
Although this standard was not the same as Todd’s standard, it was probably 
fairly close, since the range of antistreptolysin titres found did not differ greatly 
from his previous records 

Titrations of antistreptolysin “ 0 ” 

These were done by Todd’s (1938) method, modified by use of an isotonic 
phosphate buffer pH 6 5 for dilutions and of m/ 100 thiolacetic acid for reduction 
as recommended by Herbert and Todd (1941) 

Immunization of experimental animals 

Babbits — Six rabbits of mixed breeds were given intravenous injections 
of Streptococcus Blackmore grown in 20 per cent rabbit serum broth, and sus- 
pended in the supernatant fluid The first two injections consisted of killed 
organisms, but all later injections contained living streptococci Injections 
were given 2 or 3 times weekly , with rest periods of a fortnight or more between 
courses The total volumes of packed living organisms injected varied from 
0 6 to 1 0 ml , and of culture fluid from 12 to 20 ml Serum samples were taken 
at the beginning, in the middle, and one week after the end of each course 

Horse — The course of immunization was kindly performed by Dr C L 
Oakley , at the Wellcome Research Laboratories, Beckenham Five intramuscular 
doses of formolized culture filtrate from streptococcus Strain Blackmore grown 
m yeast nucleic acid broth were followed by a total of nearly 3 1 of untreated 
filtrate, in 26 doses over a period of ] 5 weeks Test bleedings were made weekly 


BEStTLTS 

Antistreptolysin “ 8 ” m human sera 

The summarized results of estimations on pathological and normal human 
sera are given in Table I, from which it appears that the highest antistreptolysin 
“ S ” titres were found in norma] adults and in late convalescent cases of rheu- 
matic fever During the acute phases of streptococcal and other infections, 
and during the early stages of convalescence, the antistreptolysin S titles 
were comparatively low It is also apparent that antibodies against strepto- 
lysins “ S ” and “ 0 ” behaved independently 

The lowest antistreptolysin titre encountered (not included m the table] 
was 2 7 units /ml m the serum of a patient with steatorrhoea vho nas on a 
fat-free diet, and the highest value was 15 units /ml in the serum of a patient 
with Type II nephritis and raised serum lipoids 
24 
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Table I — Antistreptolysin “ S ” Titres (units /ml ) m Human Sera 
The mean antistreptolysin “ 0 ” titres are given for comparison 

* Anti- Anti 


Disease 

Mo of 
sera 

streptolysin 
“S ” 

streptoh 
“ 0 ” 

Scarlet jevti — acute 

8 

^ange 

3 2-8 

Mean 

6 3 

Mean 

35 

Convalescent 

S 

4-8 

6 2 

240 

(14-16 days) 

Streptococcal pharyngitis — acute 

4 

4-6 7 

5 2 

410 

Subacute and convalescent 

4 

2-9 5 

6 1 

240 

Rheumatic fever — acute 

8 

5-6 7 

6 3 

428 

Subacute 

16 

4-10 

6 7 

261 

Convalescent 

Jo 

5 3-12 5 

S 4 

275 

Rheumatoid arthritis — acute 

4 

5 3-9 5 

6 5 

92 

Subacute 

4 

4-7 8 

6 3 

130 

Normals 

14 

8-12 5 

9 7 

48 


Antistreptolysin “ S ” m the sera of other animals 

In Table II are given antistreptotysm “ S ’ titres of various mammals, of 
representative teleost and elasmobranch fishes and of a marine invertebrate 
The marine animals were included because they are not known to be subject 
to streptococcal infections, and it was of interest to learn whether their sera 
would inhibit streptolysin “ S ” The high titres found m normal rat and guinea- 
pig sera are noteworthy 


Table II — Antistreptolysin “ S ” m the Sera of Various Animal Species 


Species 

Mo of 
sera 

Antistreptolysin 
(units/ml ) 

“ S ” 

Normal human 

14 

Range Mean 

8-12 5 97 

Horse 

7 

10-27 

16 

’Tloise (Cl uelchn antitoxin) 

6 

5-7 

5 5 

Rabbit 

12 

3 2-8 1 

6 6 

Rat 

2 pools 

50-60 

55 

Guinea-pig 

(36 sera) 

4 pools 

32-56 . 

43 

Ox 

(12 sera) 

1 


23 

Sheep 

1 


12 

Plaice ( Pleuronccles ) 

2 pools 

*iS — d0 

49 

Dog fish ( Scylhum ) 

1 pool 


5 

Spider crab (Caicina Maia) 

1 pool (uliole blood) 

1 2 


* These sera ■were preserved with 0 3 per cent tricresol It was found that this preservative 
caused a fall of 25 per cent m the antistreptolvsin “ S ” titre in one vvecL at + 4° C 
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Coi relation between antistreptolysin “ S” hires using different sources of strepto- 
lysin “ S ” 

Duplicate estimations weie made on a number of sera, both of human and 
of other species, covering a wide range of antistreptolysin titres, m order to detei- 
nnne whether significant differences m titre would be obtained when streptolysin 
“ S ” from diffeient sources was used The results (Table III) showed that no 
significant differences were found between streptolysins prepared in diffeient 
ways from Group A streptococci, or between streptolysins from a strain of 
Group A and a strain of Group 0 streptococci 

The apparent serological identity between yeast nucleic acid broth strepto- 
lysin and serum broth streptolysin is interesting, since in chemical pioperties 
the partially purified streptolysins, although superficially different, both appear 
to have properties of hpo-nucleoprotems 

Immunization experiments 

The results of the rabbit experiments are given m Table IV No significant 
increase m antistreptolysin “ S ” titres was observed During periods when the 
rabbits were seedy owing to the injections, and were losing weight, the titres 
tended to be lower than during rest periods That the ammals were capable 
of producing antibodies was shown bjr measurement of the streptococcal aggluti- 
nins, which reached titres of more than 1 100,000 It is of interest to record, 
m confirmation of Herbert and Todd (1944), that the Strain Blackmoie did not 
cause a nse m antistreptolysin “ 0,” and that presumably not even traces of 
streptolysin “ O ” are elaborated by this organism 

In the horse the antistreptolysin “ S ” titre lose from an initial value of 
9 units /ml to 20 units /ml , but at the end of the couise it was only 5 units /ml 
These titres he within the range found for normal horses, though the Inst is 
unusually low 

DISCUSSION 

An antibody m the commonly accepted sense of the term is a serum component 
which combines with the antigen and is produced m response to the mtroduction 
of the antigen into the tissues of the organism It is a matter of observation 
that antibodies are proteins, and that they are found m the (3- or y-globuhn 
fraction of the serum In the investigation reported antistreptolysin S failed 
to conform to this definition of antibodies It was found to occur m lugh title 
m the sera of normal ammals, m the complete absence of any evidence of either 
present or past streptococcal infection It could not be produced either in 
rabbits or m a horse by intensive courses of “ immunization ” with streptolysin 
S Furthermore, as will be shown m a subsequent publication, the antistiepto- 
lysm S activity of serum is not predominantly associated with the (3- or y-globulm 
fractions For these reasons it is considered that antistreptolysin S is not a tine 
antibody It may well be associated with a normal constituent of serum vluch 
fluctuates in amount irrespective of streptococcal infection An analogous 
situation is presented by the non-specific substances in many sera v, Inch inhibit 
the influenza virus haemagglutination reaction, and winch fluctuate from time 
to time without known cause (Smith and Westwood 1949) If individual 
fluctuations depend m some degree upon metabolic activity, illnesses of different 
tvpes, including streptococcal infections, might be expected to produce Minilu 

24 § 


350 


J H ' HUMPHREY 


OQ 

§ 

=o 


o 

ft 

xn 


o 

o 

a 

o 

n 

sg 

'S 


oo 

o 


CO 




«< 

t-i 

CQ 


e 

ts 

8 

CO 

Co 


B, 

to % 

£> 

o 

-tJ 

PU 

<D 

t* 

*s 

9 

-to 


d -# eo 
a co co go 
® 

^ t- t> cq 


P? 


lo Id 

cq i— i 


o 

in 


4< 4< 


<N 


I 

-i 

o> 

8 

!-. 

co 

GQ 


-♦O 

g 

£ 5° 


5 


03 

Pi 

<X> 

cc 

H 

o 

<D 

U 

P 

£ 


c 

ce 

a 

pi 

w 


^ A 

C 8 

* c 

-a § 

ce «s 

a g 

2 Js 


~S <« 

<+* 


s Cl 

So « 

° * 

° o 

lO‘C^ 

Ol CM (H 






r-l 

)■ J— ( 

**o 

CO 

**o 


H 

QJ 

2 c, 



r< >> 

'TJ 


H ~ t-1 

c«— 

CD 

CD 


< 

•D 


>J A 

05 

T 

>l 

Pif 

*<> 

'o 

-*-i 

i^5 -s O 

3 

»■© 

■SJ 

Pi 

o 

a s<a 

ogo 

CD 

U-i 

o 

.«-< r-1 tC 

^ o 

5 

I 

o 

a 

u 

O 

4X) 

a-g a 

Cc 

l 

V2 

C 43 C 

PH 


>■ i f r— < 

PH 


ZP © P- 

j 


o c O 

Tb s "§p 

rQ 

< 

H 


2 C) c- 1 

HwH 


eq 


Yeast nucleic acid bioth filtrate fiom 14 2-56 13 9 

Gioup A, Type 11 

1) Euglobuhn ppt from Gioup x\., Type 11 11 Human and 4-25 11 2 

rabbit 

Euglobuhn ppt fiom Gioup C 11 3-25 12 6 



351 


NATURE 0E~ ANTISTREPTOLYSIN “ S 

Table IV — Antistreptolysin “ S ” Titres m Sera of 6 Rabbits Given Repeated 
hiii avenous Injections of Living Haemolytic Streptococci 



- 

Antistreptolysin 
(umts/ml ) 

“ S ” 

Mean weight 
(kg) 



Range 

Mean 

Preliminary 


5-S 1 

6 1 

3 0 

Middle of first course 


2 7-3 2 

3 1 

2 7 

End of first course 


2 9-4 3 

3 6 

2 S 

,, second course 


3 1-6 0 

4 9 

2 7 

,, third course 


2 5-6 7 

5 0 

2 9 


effects on antistreptolysin S levels, but the degree might depend upon the stage, 
activity and duration of the illness Tins could account foi the observation of 
Todd, Coburn and Hill (1939) on sera fiom cases of rheumatic fever, and oui own 
failure to confirm any correlation between antistreptolysin S level and type of 
disease 

The present work failed to provide any explanation of Todd’s results (1938), 
m which he obtained evidence of an immune response to streptolysin 8 m rabbits 
by the inoculation of living streptococci 


SUMMARY 

Antistreptolysin “ S ” titres have been measured m sera from human beings 
with streptococcal infections with and without iheumatic fever, from various 
mammals and from representative marine animals 

The level of antistreptolysin “ S ” was not specifically correlated with strepto- 
coccal infection 

No evidence was obtained of increase in antistreptolysin titre after prolonged 
immunization of rabbits and a horse with living haemolytic streptococci or haemo- 
lytic culture filtrates 

Streptolysin “ S ” produced m serum broth is serologically indistinguishable 
from streptolysin produced m yeast nucleic acid broth without serum 

It is suggested that antistreptolysin “ S ” is not normally an antibody m the 
accepted sense of the word 

My thanks are due to Miss M E Smith for much technical assistance, to Di 
C L Oakley for carrying out the immunization of a horse and for providing 
horse sera, and to Mr D K Hill of the Marine Biological Association Laboratories, 
Plymouth, for the sera of marine animals Throughout the work I enjoved the 
hospitality and advice of Professor Wilson Smith and his department 
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With the increased use of anticoagulant drugs mpre attention has been 
focused on blood coagulation methods, especially the prothrombin test Many 
variations in performing the test and computing the results have been pro- 
posed, which have tended to confuse proper evaluation of the results Several 
attempts, however, have been made to standardize prothrombin test pioceduies, 
and these have shown Quick’s one-stage method to be accurate and easily 
adaptable to routine testing (Aggeler, Howard, Lucia, Clark and Astaff, 1946 , 
Fisher, 1947, 1948 , and Martin, Curfman and Cavano, 1947) 

Several modifications of Quick’s method are used m which the plasma is 
diluted to either 50 or 12 5 per cent before performing the test The use of 
diluted plasma and its sources of error have been discussed m previous com- 
munications (Fisher, 1947, 1948) However, some laboratories prepare serial 
dilutions of normal plasma m order to standardize their thromboplastin prepara- 
tions This is not necessary when Quick’s formula for the hyperbolic curve is 
used (Fisher, 1947, 1948 ) 

The use of these hyperbolic “ prothrombin activity curves ” for standardizing 
thromboplastin reagent has led to some discussion as to the nature of the plasma 
diluent which should be used Physiologic sodium chloride solution (0 9 pei 
cent) is used most widely However, this practice has been criticized by those 
who feel that prothrombin-free plasma is the only proper diluent The piesent 
study i\as made, theiefore, to note the effect of several diffeient diluents for 
plasma in the preparation of these activity curves 


PREPARATION OF REAGENTS 

(1) Tuple distilled water 

(2) Physiologic saline solution (0 9 per cent NaCl, reagent grade) 

(3) Normal blood serimi Blood was drawn by venepuncture and allowed 
to clot in the tube It was then centrifuged at moderate speed for 30 minutes 
and the supernatant seium withdrawn for use 

(4) Protein-free filtrate of blood serum The serum proteins were precipi- 
tated -with tungstic acid (Levinson and MacFate, 1940) and the solution was 
filtered The filtrate was neutralized to approximately pH 7 with x/10 sodium 
hydi oxide Control The protein-fiee filtrate piepared in this manner gave a 
negative bnuet test, as compared to a portion of the original serum, which gave 
a positive biuret test 
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(5) Adsoibed (piotlnombm-fLce) plasmas 

(a) Bin mm plasma The piotlnombm was adsorbed on a 30 pel 
cent suspension of bainun sulphate, accoiding to the method suggested 
by Tuft and Rosenhcld (10*17) 

(b) Alumina plasma A first piepaiation was made by the geneial 
foimula of 1 volume of commercially prepaied aluminium hydioxide 
gel to S volumes of citialed plasma It was incubated foi 15 
minutes at 37° C , then centufuged, and the supernatant plasma diawn 
off foi use This piepaiation was unsatisfactory, as evidenced by a 
prchmmaiy test applied to all of the adsoibed piepaiations befoie use 
One diop of the adsoibed plasma to be tested was placed on a glass slide 
and one diop each of tlnomboplastin and calcium clilonde were added 
If the fluid clotted (usually within twenty seconds), the piotlnombm 
had not been adsoibed 

A different alumina piepaiation was then piepaied, according to the 
method of Quick (lb 15), using a tlnckei aluminium hydioxide cream 
This lattei plasma was acceptable foi use 

(c) Magnesium plasma was suggested Howevei, lecent woik by 
Maltanei (1948) has shown that the piesence of magnesium ions enhances 
the rapidity of clotting at lowei concentiations of calcium ion Theie- 
fore it was considered not desuable to add these ions to the piepaiations, 
especially when dilution Mould deciease the level of calcium ions 

Tocantins (1944) has shown that some of the piotlnombm and fibri- 
nogen can be adsoibed on asbestos fibres, leaving the concentration of 
anti tin ombin unchanged 

(6) Plasma Blood was diawn fiom noimal healthy dogs and oxalated 
m the piopoition of 1 pait of m/IO sodium oxalate to 9 paits of blood The 
blood was centufuged, and the supernatant plasma used as the source of pro- 
thrombin-containing plasma foi the tests 

(7) Tlnomboplastin was piepaied fiom acetone-dehydiated labbit biain 
(Difco), and m/40 calcium chlonde Mas used to lecalcify (Pishei , 1948) 

EXPERIMENTS 

Baiiuni plasma M r as selected as representative of the adboibed plasmas because 
of the excellent lesults reported by Tuft and Rosenfield (1947) Quick (1935) 
has found alumina plasma to be consistently good Magnesium plasma was 
considered to be not desuable, as stated above 

All reagents weie freshly prepaied and stored m the ice box until used They 
Mere then allowed to come to room temperatuie Dilutions of the normal 
oxalated dog plasma were made, with each diluent, in the order of 100, 70, 50, 
40, 30, 20 and 10 pei cent Two determinations by Quick’s method (1940) 
were made at each, dilution on each sample of plasma The aveiage of the two 
determinations was then taken, and the figure plotted (Pig 1) 

discussion 

The prothrombin tune for undiluted plasma was much shorter than is usually 
encountered with human plasma, since dog plasma contains a greater concentra- 
tion of prothrombin .(Quick, 1935) When normal dog serum was used as a 
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diluent, the diluted piepaiations were clotted within the original tubes before 
they could be used Tins v as due to the piesence of small but sufficient amounts of 
calcium ions, piotlirombm, fibrinogen and activatoi substances m the serum Pre- 
paiations made with barium sulphate-adsorbed plasma gave shoitei piotlirombm 
times and a somew hat more flat curve than the others This was believed 
to be due to incomplete adsoiption of the prothrombin, as well as the piesence 
of other piotein and lomc substances If barium sulphate plasma is to be used, 
the technician must be sure that it is a pure, thick preparation and that adequate 
adsoiption has been obtained Owren (1947) has shown that addition of pio- 
tluombm-fiee pidsoibed) plasma enhances the coagulability of pathological 
plasmas Saline solution, distilled water, and protein-free filtrate of serum 
gave lesults w Inch w ere all sinnlai The characteristic hyperbolic cuive was 
obtained m all cases The times obtained -with these piepaiations were all 
within the mean standard deviation for each pomt on the dilution curve, as 
previoush calculated (Fisher, 1947) 

CONCLUSIONS 

Fiom the lesults obtamed m these experiments it is seen that the essential 
change produced b\ serial dilution of normal plasma is reduction in the amount 
of 2 Hothiombin jiresent Distilled water 0 9 per cent saline solution and pro- 
tein-free filtrate of normal serum produced uniformly similar results as diluents, 
duplicating the cliaiactenstic hyperbolic curve Prothrombin-fiee (adsoibed) 



EITLCT 01 DILUENTS ON PROTHROMBIN ACTIVITY CURVES 


355 


plasmas ma) be souices of enoi if a good preparation is not made Owicn 
(I‘)47) lias shown that addition of piothiombm-fiee 2 )lasma to noimal jilasma 
shortens the piotlnoinbm tune b}' Quick’s method Noimal serum could not 
be used as a diluent due to the picsencc of small amounts of piothiombm, 
fibrinogen and activator substances 

Nitslie, Gerardc and Deutsch (1047) and Owen and Bolbnan (1948) lecom- 
mend 0 i per cent fibnnogcn solution ns a diluent, claiming that the end point 
is thcicby made shaijici at the lughei dilutions. This would be favourable at 
the lovei concentiation end of the curves, or if only 12 5 pei cent plasma weie 
being used Hove\er, the addition of e\tia amounts of piotems and neutral 
salts to whole plasma can only seive to upset the debcate colloidal balance 
betw een the reactants of the blood coagulation mechanism 


SUMMARY 

An experimental study has been presented in which was shown the effect 
of several diluents on “ jnothrombin activity cuives ” Normal seium was 
show n to be a poor chluent due to the piesence of small amounts of piothiombm, 
fibunogen and activator substances Adsoibed plasma may be a souice of enor 
if a jiroper jirejiaration is not made Distilled watei, 0 9 pei cent sodium chlonde 
solution and protein -free filtiate of noimal seium showed uniformly consistent 
lesults, reproducing a smooth hyperbolic curve 

The author wishes to expiess his appreciation to Dr Samuel A Levinson 
for lus mteiest in this v oik, and foi allowing full use of his laboratoiy facilities 
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Gram -positive bacteria concentrate certain ammo-acids in the fiee state 
in the nitemal eimionment pnoi to metabolism (Gale, 1947, Tayloi, 1947) 
The passage of amino-acids across the cell -Avail into the cell may be by a piocess 
of diffusion, as in the case of lysme, oi may require energy draAvn fiom exergomc 
metabolism, as in the case of glutamic acid Gale and Taylor (1947) have shoivn 
. that the assmnlation of glutamic acid b}*- Staph aureus is blocked if the cells 
gioAv in the piesence of penicillin Taylor (1947) avus unable to demonstiate 
the piesence of free annno-acids Avithin Giam-negative cells, and theie is as yet 
no knoAvledge of the natiue of ammo-acid assimilation m such organisms, oi 
Avhethei the piocesses involved are affected by penicillin Pollock and Wain- 
a\ light (1948) showed that the late of adaptation to nitiate of a cohform oiganism 
A\as maikedly influenced by the natuie of the mtiogen souice aA r aflable The 
formation of the adaptive nitiatase Avas increased by the addition of annno- 
acids, a vaiiety of amnio-acids being moie effective than a single one, and maximal 
adaptation occuinng when a protein hydrolysate Avas supplied as N-souice 
It is cleai that the late of mtratase production could be used as an mchiect 
lneasuie of the assimilation of ammo-acids This Avoik Avas accoidingly undei- 
taken in an attempt to study some pioperties of amino-acid assinulation m 
this Giam-negatiA T e oiganism. and to investigate the action of penicillin on the 
assimilation It is sIioaa n bekm that, although an effect of penicillin on adapta- 
tion A\as discoA'eied, it is jnobable that this action is not lelated to anuno-acid 
assimilation or piotem synthesis The lesults aie inexplicable in the piesent 
state of kuoA\ ledge, but aie recorded since they may be lelated in geneial to studies 
of penicillin action 


ORGANISM AND METHODS 

The oiganism used aa as the colifoim “ 1433 ” used by Pollock and Wain* 
AMiglit (1948) ItAias maintained on casem-chgest-agai slopes The oiganisms 
used in expeiiments quoted beloAA Aieie giOAin on the suifaee of casein-chgest 
agai foi lb hours at 30° C The oiganisms aa eie haiA'ested, aa ashed and suspended 
in a salt solution of the folkming composition 3 0 g KHJPO4, 10 0 g Nn, 
HPO.; 3 0 g NaCl 2 lg MgS0 4 , 7ILO, 1000 ml distilled aa ater 

Methods used foi the estimation of mtnte, mtratase actmty and for folloAAing 
adaptation to nitiate Aiere as described by Pollock (1940) and Pollock and Wain- 
aa light (194S) In pimciple, mtratase is estimated by determination of nitrite 
foi med from nitrate m the presence of the organisms, AAith sodium formate as 
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H-don.it oi , adaptation to mtiatc is followed citliei by estimation of mtute 
foiincd dm mg incubation of the oignnisni ANith mtiate, glucose and an external 
N-bomee oi by ebtnu.vtion of the mtiataso activity of the oigamsms befoie and 
aftei such adaptation All incubations ancic earned out anaeiobically at 37° C , 
and quantities of leagents iveie the same as those used by Pollock and Wam- 
w right (194S) 

The penicillin used anus a conunciei.il ciystalline piepaiation assayed at 1G40 
Oxfoid Units pci mg The Mtannn-fiec casein hycholysate used Avas obtamed 
fiom Ashe Laboratories 

Pi eli mum) y investigations 

The adaptation ton aids mtiate of cells gioAvn in nitiate-fiee medium was 
first followed b} estimation of the mtute fonned udien tlie cells weie incubated 
m the presence of mtiate and glucose The acceleration of adaptation by the 
addition of ammonia oi mixtures of ammo-acids was confirmed The effect 
of the piesence of penicillin -was tested m systems to which vitanun-free casein- 
hydiolysatc -was added as external iST-somce JS r o effect on adaptation was 
observed with penicillin concentrations up to m/5500 (c 100 units pei ml), 
u hen conecntiations gteatei than this Aveie present the late of adaptation began 
to fall, in compaiison Avith pemciLhn-fiee contiols, aftei 90 to 120 min Since 
no effect could be obsened under 00 nun it seemed piobable that some degiee 
of gioAN tli must occui in the cells befoie penicillin exerts any inhibitory effect 
The action then takes place under conditions similai to those lepoited foi the 
action of penicillin on gioAvth, lcspnation and glutamic acid assimilation in 
Staph aureus (Cham and Dutlne, 1045 , Gale and Taylor, 1947) The effect 
of ti eating the cells Avith penicillin befoie adaptation Avas next tested The cells, 
duectly aftei hai vesting, an eic suspended m the salt solution (final suspension 
strength = 0 25 mg diy Avcight of cells pei ml ) containing m/ 100 NH 4 C1 and 
m/ 100 glucose Penicillin Avas added to A r anous samples at concentrations 
langmg fiom 10 to 1000 units pei ml and the cultures then incubated at 37° 0 
foi 2 horns The cells Aveie centnfuged doAvn, u'ashed once Antli salt solution 
and then lesuspended m salt, mtiate, glucose and casein hydrolysate solution 
foi adaptation The couise of mtute pioduction shoAved that pietreatment 
Anth 10 units pemcilhir per ml lesulted m a shght but defimte acceleration of 
the late of adaptation, Avliereas pietieatment Avith 100 to 1000 units penicillin 
pei ml lesulted in a marked decrease in the l ate of adaptation Parallel experi- 
ments Aveie earned out m Avluch the casern hycholysate Avas omitted during 
adaptation, and it Avas found that the coruse of nitnte pioduction Avas apparently 
inhibited m the same proportion as m the piesence of casein hydrolysate It 
an as difficult to gauge the relative mlnbrtoiy effects m the vanous media by this 
method, and furthei expel mien ts Aveie made by estimating the mtiatase in the 
Avashed cells before and aftei adaptation 

General procedure 

The cells Avere Avashed from the surface of agar me 10 ml salt solution, 
centnfuged down and resuspended m salt solution to a final strength oi 1 0 mg 
dry weight of cells pei ml To % ml of suspension were then added 3x ml salt 
solution containing m/100 NH a Cl, m/100 glucose and penicillin of the requnecl 
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concentration Tlie suspensions weie incubated foi 2 horns at 37° C , centri- 
fuged down and washed once m 4a ml salt solution The washed cells weie 
then suspended m % nil salt solution and added to 3a ml salt solution containing 
m/100 NalSTOg, m/100 glucose and 0 1 pei cent casein hydrolysate oi othei 
N-souice as described below A sample of unadapted cells was tested for mtiatase 
activity, and the remainder incubated for 90 mm at 37° C in an atmospheie of 
nitrogen The cells were then centrifuged down, washed once in 4a ml watei 
and their mtratase activity determined Until the final stage the cells weie 
kept m salt solution and, except when on the centrifuge, at 37° C All experiments 
were controlled by estimations on cells treated m the same manner, but with the 
omission of penicillin during the first period of incubation 


RESULTS 

Inhibition of Nitratase Foi motion by Penicillin 
Effect of peniciUm concentration 

Incubation of non-adapted cells with glucose and nitiate lesults m an mciease 
of mtratase activity even m the absence of an added souice of nitrogen The 
effect of pietreatment with penicillin was to leduce the rate of this increase 
Fig 1 shows the degree of inhibition ob tamed by pretieatment noth vanous 



Log penicillin concentration (units/ml) 


Pic 1 — Relation between penicillin concentration during pretreatment and subsequent 
inhibition of mtratase adaptation in organism 1433 

Cells incubated for 2 hr at 37° C m salt solution containing m/100 NH 4 CI and m/100 
glucoso with penicillin concentrations ns abscissae Cells centrifuged down, Mashed onco 
with salt solution and then incubated for 90 min m salt solution containing m/100 ls T aN0 3 , 
m/100 glucose Cells centrifuged down, washed m wator and mtrataso activity dotcr 
mined Ordinato = mtratase nctivit j of penicillin pretreated cells expressed as per 
cent actie ltj of cells treated bj same procedure in absence of penicillin 


concentrations of penicillin , 50 per cent inhibition is obtained by pietreatment 
with c 500 units penicillin per ml The curve lelatmg inhibition to penicillin 
concentration shows an appaient discontinuity at the GO per cent inhibition 
level, and it was observed that cells which had been treated wuth concentrations 
of peni cillin greater than 600 to 700 units per ml show ed a tendency to aggregate 


KFl'LCr or PENICILLIN ON NIfRATASE ADAP 1’ATION W-’ 

It is possible that the gicatci inhibition obtained with lngliei penicillin levels 
vas due to a sccondaiy effect of the cell uggiegation 

The organism 143.1 possesses penicillinase, so that it is not possible to detei- 
nune the concentration of penicillin inhibiting giovth in a nutnent medium 
When tested by the usual scual dilution method, using an inoculum of c 10° 
cells in casein-digest medium, giowth uas checked by 500 units penicillin per 
ml for 24 hours but took place at 1000 units per ml in 48 hours 


Effect of external N-souicc 

Cells were pretreated vitli 500 units penicillin pei ml and then allowed to 
adapt to nitrate m the picsence of vai ions external mtiogen souices such as 
ammonia, lysine, glutamic acid, oi an annno-acid mixture lepiesented by vitamin- 



Fig 2 — Variation of mtratase adaptation of normal and penicillin treated cells mtli nature 
016^1017131X8011100 n . 

Cells meubated for 2 hr at37°C in8BltsoIutioncontainmgM/100NH:«Cland M/lOOglucose 
with 500 units peiucillm/ml {no pcmcillui in controls = normal cells) After "as ung reo 
from pemcillm, cells meubated for 90 nun at 37° C m salt solution containing si/ 
XaX0 3 , m/ 100 glucose and 1 per cent X source as above 


free casern hydrolysate In each case the adaptive increase was P 
with that which had taken place in cells pretreated m the same w y 
absence of any pemcillm Fig 2 shows that, whatever e av cen t 

the pretreatment with 500 umts pemeilhn per ml has res evidence 

inhibition of the adaptive increase m rutratase activi y 
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that the adaptive mciease stimulated by, say, lysine is affected diffeiently from 
that stimulated by glutamic acid The results suggest that it is the capacity 
to adapt -which is affected by penicillin treatment rathei than the assmulation 
of the available N- source 


Table I — Absence of Acl%on of Penicillin on Glucose Fermenialion 


Organism 1433 grown for 16 hr at 30° C on casein-broth-agar , harvested 
and washed once in salt solution Fermentation studied m Warburg mano- 
meters containing 1 0 ml m/5 phosphate buffer pH 7 0, 1 0 ml sus- 
pension of organism (= 5 mg dry weight of cells), 0 5 ml m/ 100 glucose, 
0 5 ml water or penicillin solution as below , manometers filled with Oc- 
tree No , C0 2 absorbed by 0 25 ml 10 per cent NaOH m centre pot 
Fermentation activity expressed as Q,h 2 = gl H 2 evolved /hr /mg 
dry weight of cells 


Cell preparation 

(1) Washed cells after hai vesting 


(2) Cells incubated fox 2 hi at 37° C m salt solution con- 

taining m/100 N 4 HC1 and 0 01 M glucose, ivashed 
and made up into suspension as (1) 

(3) Incubated as in (2) but m presence 500 units peni- 

cillin /ml 

(4) Incubated as in (2) but in piesence 1000 units pem- 

lhn/ml 

(5) Cells incubated and prepaied as m (4) but tested m 

presence m/ 20 adenosinetuphosphate 


Penicillin 
concentration 
(nnits/ml ) 

Qn. 

0 

11 

500 

11 

1000 

S 5 

— 

31 

— 

40 

— 

39 

_ . . 

37 


Effect of penicillin pretreatment on (flucose fermentation 

The eneigy foi adaptive formation of mtiatase, undci the experimental con- 
ditions used, is derived fiom glucose feimentation It is shown m the table 
that theie is no significant diffeience between the lates of fermentation of cells 
whethei pretreated with penicillin oi not Consequently the lmpamnent of the 
udaptn e capacity cannot be due to inhibition of the energy-supplymg system 


Reversal of the Penicillin Effect 
Action of adenosine-triphosphate 

The penicillin concentiations effective in these experiments aie approximately 
the same as those winch Gios and Macheboeuf (1048) find inhibit the bieakdown 
of adenosinetnphosphate (ATP) and other nucleotides by Cl sporogene-s It 
seemed possible that, if the adaptive capacity were affected by an energy-trans- 
fernng mechanism, then nucleotide metabolism might be involved, and that 
modification of the penicillin effect could be obtained by adding ATP or related 
compounds to the cells during adaptation Cells were treated with 500 units 
penicillin per ml and then rate of adapfen e increase determined as before, and 
also in the presence of concentiations of ATP ranging from 1 to 10 mg Ba salt 
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per ml The lugliei concentrations of ATP wci e found to abolish the inhibitory 
action of penicillin Fig 3 shows the effect of ATP concentration on the adapta- 
tion of both noimal and pemcilhn-treated cells , m the noimal cells low con- 
centintions of ATP increase the iate of adaptation, but high concentiations 
aie slightly mhibitoiy, m the penicillin-tieated cells low concentrations of 
ATP mciease the inhibition, whereas the inhibition is leveised and completely 





ATP final concenhation(ingBd salt/ml) 


Fin 3 — Effect of ndonosmot ripliospliato preparation and of salt in removing pemcillin 
inhibition of nitratnso formation 

Colls incubated for 2 hr at 37° C in salt solution with NH 4 C1 nnd glucose and pemcillin as 
before (seo Fig 2) After washing in salt solution, colls incubated for 00 min at 37° in 
salt solution containing m/100 NaN0 3 , m/100 glucoso, 1 per cont casein hydrolysate, and 
either ATP solution or NaCl to the final concentrations indicated Colls then washed m 
water and increase in nitrataso activity determined 
Curve 1 Normal colls in presence of ATP preparation 

„ 2 Normal colls in presonco of NaCl 

„ 3 Cells pretreated with COO units penicillin per ml nnd adaptod in presence of ATP 

preparation 

„ 4 Cells protroatod with 700 units poniedlm per ml nnd adapted m presence of ATP 

preparation, 

,, 5 Cells protreated with 700 units penicillin per ml and adapted in presence of NaCl 


abolished by higher concentrations The amount of ATP necessary to abolish 
the inhibition increases with the degree of inhibition, i e with the concentration 
of penicillin used for pretreatment It was immediately obvious that the con- 
centrations of ATP which are fully effective m abolishing the penicillin e ee 
are very high, representing a weight of ATP many times greater t lan t e weig ; 
of organism present It seemed improbable that the effective agen in le 
ATP preparation was ATP itself Preparations of adenylic acid, a enine, a eno 
sine, nbose, etc were completely inactive When the ATP prepara. 10 
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subjected to 10 min hydrolysis m n/ 1 HC1, and nentrahzed before test, it was 
found that its effectiveness m abohslung the penicillin effect was mciensed 
This suggested that the anti-pemcilhn action resided m the salt content of the 
lireparation 

Action of satis 

Fig 3 shows also the effect of adding NaCl to the reaction mixture during 
adaptation The action of the ATP preparations m abohslung the penicillin 
effect can be reproduced m all respects by suitable concentrations of NaCl The 
ATP solution used contained a high concentration of salt, and m Fig 3 the ATP 
ordinates are made to correspond with the NaCl ordinates for like salt concentia- 
tion , the action of the ATP preparation is fully explained by its salt content 

The action of NaCl can be reproduced by Na 2 S0 4 or KC1, similar actions 
being pioduced by solutions of similar ionic strength 


Conditions for Reversal of Penicillin Action by Salt 

The experiments described so far were all carried out with cells wluch were 
first tieated with penicillin and then allowed to adapt in the absence of penicillin 
Salt was added during the adaptation process Fig 4 shows that — 

(1) The presence of salt durmg the treatment with penicillin does not 
prevent subsequent inhibition of adaptation 

(2) After pretreatment -with penicillin, salt abolishes the inhibition if 
present during the adaptation in the absence of penicillin 

(3) If the cells are first treated with penicillin, then with salt, then 
washed and allowed to adapt m the absence of either salt oi penicillin, 
the inhibitory action of penicillin is largely abolished 

(4) If the cells are treated with penicillin, then allowed to adapt m 
the absence of penicillin or salt, and the adapted cells then treated with 
salt, the salt has no action m removing the mhibitoiy effect due to 
penicillin after adaptation has taken place 

Consequently the antagonistic action of salt is shown only when the salt is 
added after the removal of the penicillin, and prior to or during the adaptation 
piocess 

It was noted above that treatment of the cells with lugh concentrations of 
penicillin often resulted in aggregation of the cells during later stages of the 
experiment Tins was paiticularly noticeable when pemcillm-treated cells were 
incubated in the presence of casein hydrolysate (for the adaptation process) 
It was always found that the tendency to aggregate was lost whenevei tieatment 
with salt abolished the penicillin effect on adaptation 


Experiments mth Staphylccoccus aureus 
Assimilation of gUitenmc acid 

Gale and Tayloi (1047) found that if Staph aureus were grown m a medium 
to which penicillin was added 00 min before harvesting, the cells lost the abilitv 
to assimilate glutamic acid It seemed possible that this effect might also be 
affected by salt Consequently,' Staph aureus was growm in the presence of 
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1 unit penicillin per ml nuclei conditions identical with those pieviously described 
by Gale and Tnyloi (1047), and the ability of the cells to assimilate glutamic acid 
uns tested -with and without treatment with m/6 Nad Penicillin treatment 
completely blocked the passage of glutamic acid into the cells and this effect 
was not lererscd by treatment mth salt 



Fin 4 — Effect of Ralt on penicillin inhibition of mtratase formation 

Cells protreated with penicillin and then allowed to adapt m tho presence of nitrate, 
glucose and casein hj drolysnto 

1 Colls protreated with 700 units porucilhn per ml Adaptation process as usual 

2 Colls protreated with 700 units penicillin por ml in presence of m/ 6 NaCl , adapta- 

tion process as usual 

3 Cells pretreated with penicillin , washed , incubated for 30 mm m m/ 6 NaCl , 
washed , adaptation process as usual 

4 Colls pretreated with penicillin , washed , adaptation process in presence of 

m/ 5 NaCl 

6 Cells protreatod with penicillin , washed , adaptation process as usual , washed , 
incubated 30 mm with m/ 6 NaCl before testing 
Controls ( = normal cells) treated in parallel fashion in all casos in absence of penicillin 
during first stage 

Niirata.se adaptation 

Staph aureus cells possess mtratase, and will undergo adaptation in a manner 
similar to that described for the organism “ 1433 ” The adaptation is stimulated 
by the addition of single ammo-acids as N- source Cells were grown m penicillin 
(1 0 umt per ml ) until their ability to assimilate glutamic acid was lost as above 
It was found that glutamic acid would still stimulate adaptive mtratase formation 

DISCUSSION 

No explanation of the effects described in this paper can be put forward at 
the present time During the course of the work it seemed clear that there 
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was some connection between the tendency of the cell suspensions to aggie^ate 
and an inhibition of the rate of adaptation However, mhibitoiy effects weie 
noted after tieatment with penicillin m concentrations (100 units per ml and 
less) which did not give rise to later aggregation of the cells The suspensions 
were examined under phase-contrast lenses, and, except where obvious aggregates 
were found after treatment with high concentrations of penicillin, the cells weic 
motile and of the same appearance under all the conditions described m tins 
paper It seems probable that the treatment with penic illin produces some 
alteration m the surface of the cell, which is reversed by salt solution, and winch 
is reflected m a slowing of the rate of adaptation to nitrate Such effects might 
be expected if mtratase were an enzyme residing in or near the surface of the 
bacterial cell There is no definite evidence that this is the case, although if the 
cells aie disintegrated by mechanical agitation, mtratase activity is always 
associated with the solid particles (Pollock, private communication) The 
fact that penicillin does not differentiate between ammonia and the various 
annno-acids as N-sources for adaptive protein formation might also be explicable 
if the enzyme were a surface one The experiments earned out with Staph 
auieus, in which it was found that glutamic acid stimulates mtiatasc foimation 
although its assimilation has been blocked by penicillin, would also be explicable 
if the site of mtratase synthesis were situated m the cell-surface at a level outside 
that of the osmotic bamer which normally restricts the entry of glutamic acid 
into the cell 

It is clear that these effects deal with problems of enzyme location and of the 
nature of the bacterial surface, and explanations must await fuither developments 
m these fields 


SUMMARY 

(1) Incubation of cells of the cohform oigamsm “ 1433 ” with high concen- 
trations of pemcilhn results, nftei removal of the penicillin, m a dcciease m then 
rate of adaptation to nitrate 

(2) Tins effect of penicillin can be removed if the cells aie incubated m the 
presence of high concentrations of salt pnor to, oi dining, the adaptation piocess 
The presence of salt during the initial treatment vitli penicillin does not icmove 
the effect Treatment of the cells after adaptation has occm led does not icstoie 
the full mtratase activity 
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SURVEY OE PAPERS 

Svedmvr hnds that under suitable conditions a visible preoipitate occurs immediately when a 
mixture is rnado of tho haemagglutmation mhibitor m allantoic fluid and influenza virus that retains 
its capacity of rendering inhibitor particles non-mlubitive Tho precipitate then gradually dissolves 
and free virus hnomagglutinins reappear Tlus precipitation-dissolution reaction reflects the course 
of tho modifying effect of normal allantoic fluid on influenza virus haemagglutmation (p 237) 

Svedsitr, on ropeatmg tho experiments described in the previous paper with influenza virus 
rendered mcapablo of destroying mhibitor particles, finds that precipitation ocours but the pre- 
cipitate does not dissolvo (p 248) 

Svedmyr finds that treatment of the mhibitor with virus or penodate destroys its capacity to 
form a precipitate noth virus as described m his two preceding papers, whereas proteolytic enzymes 
have no such action (p 264) 

ICorpassy and Kovacs have shown that tho prolonged subcutaneous administration of tanmo 
acid to rats produces a diffuse nodular fibrosis of the hver Examination of the livers of animals 
hilled at intervals during tho oxponment show cd a progressive transformation of the architecture 
of tho hver, the final picture being indistinguishable from human portal cirrhosis of the Laennec 
type (p 206) 

Dekanski has modified tho kaolin-adsorption method for concentrating normal urinary gonado- 
trophins, and has obtained relatively 7 non-toxic concentrates suitable for furthorpurification, isolation 
and standardization of tho hormones (p 272) 

Humphrey and Pagfl hai o studied tho reactions to injections of heated lolled streptococoi m 
the skin of normal subjects and of persons with rheumatic affections and subacute bacterial endo- 
carditis Thev find no clear relationship betv, eon tho mtensity of the reaction dunng tho first three 
days and the histological picture after ton to eighteen days (p 282) 

Holt has studied the production of antitoxin m guinea-pigs injected Buboutaneously with 1 Lf 
of purified toxoid adsorbed on different quantities of aluminium phosphate earner He finds that 
the enhanced potency 7 of adsorbed toxoid is not duo to the second response phenomenon or delayed 
release, but to a more efficient distnbution of the toxoid among the antitoxin produomg cells by 
the polymorphonuclear leucocytes (p 289) 

Hale finds that the growth charactenstics of a small colony 7 vanant of staphylococous, isolated 
by cultivation on media containing gentian violet, depend on an impairment of uraoil synthesis 
(P 297) 


Van Heyningen describes the construction and operation of a laboratory circulating evaporator 
capable of evaporating water at the rate of 12-14 1 per hour at 34—36° C and 20-30 mm Hg 
(p 302) 


Newton describes four antibiotics produced by a strain of B subtxlxs Of these bacihpm A and 
bacilipin B are active mainly against Myco phlei, and baoilysin is active against Staph aureus, 
C xerosis, Myco phlex and Bad coll (p 306) 


Miles finds that when diphtheria toxin is injected mtradermaUv into a guinea pig it is absorbed 
immediately to the skin tissues A concentration gradient declining outwards is thus estabhshen 
so that the diameter of the lesion at 24 hours is proportional to the logarithm of the dose of tox 


(l) 



injected There is a certain degree of combination of toxin and tissue that can he reversed bi 
antitoxin, so that the moment at -which circulating antitoxin ceases to be effective ib dependent on 
the rate of its passage across capillary endothelium and the rate of fixation of toxin to the tissues 
(P 319) 

Humphrey finds that the level of antistreptolysin “ S ” m serum is not specifically correlated 
with streptococcal infection, and suggests that antistreptolysin “S” is not normally an antibody in 
the accepted sense of the word (p 345) 

Fisher has studied the effects of diluents on prothrombin tests and finds that distilled water, 
0 9 per cent sodium chloride solution and protein-free filtrate of normal serum give uniformly 
consistent results (p 352) 

Gale finds that the rate of adaptation to nitrate of a cohform organism is decreased after incu 
bation with high concentrations of penicillin This effect can be removed bv treatment with high 
concentrations of salt (p 256) 
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Evidence has been presented elswhere (Humphrey, 1949) to suggest that 
antistreptolysin S does not behave as a true antibody, and that inhibition of 
streptolysin S is a non-specific property of the serum of numerous species Because 
of the mteiesting properties of stieptolysm S, which in serum broth cultures 
appears to be a lipoprotein and m nucleic acid bioth cultures to be a nucleopiotem 
(Herbert and Todd, 1944 , Bernlieimer and Rodbart, 1948), and because such 
non-specific inhibitors may play a part in natural resistance to disease, it seemed 
desirable to stud}" further the nature of antistreptolysin S activity 

A possible clue appeared to he in the observation of Hewitt and Todd (1939) 
that streptolysin S is powerfully inhibited by lecithin in the absence of protein, 
particularly since the levels of serum hpoids have been found to fall during acute 
disease and to rise to normal or supra-normal values during convalescence (Peters 
and Van Slyke, 1946), m a rathei similar manner to the antistreptolysin S titres 
An investigation of the effect of gentle exti action of the sera with hpoid solvents 
showed that such treatment did m fact remove much of the antistreptolysin S 
activity, but that the question was complicated by marked differences in behaviour 
between species and even between the sera of individuals within the same species 
Further work on the behaviour of antistreptolysin S after proteolytic digestion 
of the serum, and of its distribution among serum fractions, has thrown some hght 
upon its nature, although this is far from being completely revealed 

MATERIALS AND METHODS 

Streptolysin S was obtained from a strain of streptococcus (Group A, Type 11) 
which was known to produce streptolysin S, but not streptolysin O Two pie- 
parations were used, as previously described, one being a horse serum extract of 
streptococci grown m serum broth, and the other a filtrate of a yeast nucleic 
acid broth culture Sera weie stored frozen at - 20° C Antistreptolysin esti- 
mations were performed as described by Todd (1938) with slight modifications 
In the case of streptolysin S the haemolysin was standardized against a human 
serum to which had been assigned an arbitrary value of 10 units per ml 

* On the external staff of the Medical Research Council 
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Lipoid extractions 

Lipoid extractions were made with ether helow - 25° C as described hr McFar- 
lane (1948) or with alcohol-ether at - 10° 0 as decnbed by Hartley (1925) 
Three oi four extractions were made with ether unless stated otherwise All 
solvents were of Analytical Reagent grade and were free from peroxides and all 
but traces of aldehyde 

Lipoid phosphorus 

Lipoid phosphorus estimations were made by a modification of the method 
of Youngburg (Hawk Oser and Summerson, 1947) 

Cholesterol estimations 

Cholesterol estimations were performed by the digitomde precipitation method 
of Schoenlienner and Sperry as modified by Hawk, et al (1947) 

Total carbohydrates 

Total carbohydrate estimations were made by the oicmol method of Sorensen 
and Haugaaid (1933) in terms of glucose 

EXPERIMENTAL 

Inhibition of streptolysin S by lecithin, cholesterol and cholesterol esters 

Preliminary experiments were performed to test quantitatively the inhibition 
of streptolysin S by lecithin and other hpoids Antistreptolysin S estimations 
were made m the usual way, and it was found that, in the absence of serum, ovo- 
lecithin was powerfully inhibitory to both preparations of streptolysin S A dis- 
persion of highly purified lecithin at a concentration of 0 01 S per cent m 0 9 per 
cent HaCl solution corresponded to 1 unit per ml antistreptolysin S When the 
streptolysin v as diluted with normal rabbit serum however instead of buffei 
the inhibitory effect of lecithin was reduced by more than 9/10ths, and it seems 
unlikely that lecithin, m the concentrations found m normal serum could account 
for more than 0 5-1 unit antistreptolvsm S per ml 

One sample of cholesterol, of wluch a very fine suspension was obtamed, 
inhibited streptohsm S comparably with ovo-lecithin Tins result was not in 
agreement with the findings of Hewitt and Todd (1939) and the experiments vere 
repeated with recrystallized cholesterol It was not found possible to obtam so 
fine a dispersion of the recrvstallized cholesterol as of the first preparation, but 
with it no significant i nh ibition was obtamed Cholesterol esters (from wool fat) 
likewise caused negligible inhibition 

The effect of neutral fat was tested bv measuring the antistreptolysin S of the 
serum of an individual taken while fasting and after a fat meal Both the clear 
and hpaenne sera had the same antistreptolysin S litres 

The effects of ether and alcohol-ether extraction 

A number of sera both from normal and sick people and from other animals 
u ere extracted with ether below — 25° C or with alcohol-ether at — 10° 0 
Tieatment with ether removed nearly all free cholesterol, most of the etier 
cholesterol and a variable fraction of the phospholipid^ Alcohol-ether treat- 
ment removed nearly all detectable hpoids The antistreptohsm S content of 
the sera were measured before and after extraction and t lie requite are gi\en m 
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Table 1 In orclei to ensure that the treatment was not so diastie as to destioy 
othei know n antibodies, these weie also estimated m a numbei of cases by con- 
ventional methods The lesults aie summarized m Table II 

Table I — The Effect of Ethei Extinction Upon the Antistreptolysin S Titres of 

Vernons Seia 

(Ranges are given in parenthesis ) 

Moan antistreptolysin S umts/ml 


Species, 

Number of 





sorn 

Before extraction 

After extraction 

Removed 

Human 

10 

S 9 (6-12 6) 

3 6 (1 5-5 6) 

60% 

Horse 

6 

16 6 (10-27) 

3 5 (2 4-6 4) 

79% 

"'Horse (anti -welchn) 

6 

3 5 (4 8-7 2) 

2 5 (2 2-2 8) 

55% 

Rabbit 

2 

5 

1 3 

74% 

Rat 

2 

55 

6 

89% 

Ox 

1 

23 

2 9 

87% 

Sheep 

1 

12 

3 1 

74% 

Plaice 

1 pool 

4S 

23 

52% 

Guinea-pig 

3 pools 

46 

43 

6% 


* Sera presen ed with 0 3 por cent tricresol 



Effect of Alcohol-ethei Extraction 


Human 

4 

S 7 (6 5-11) 

3 7 (3 1-5 4) 

58% 

Horse 

2 

IS 5 

4 3 

77% 

Gumea-pig 

1 pool 

36 

17 

53% 

Table II — The Effect of Ether Extraction Upon- the Titre of Various Antibodies 


m Sent 

(Ranges are given in parenthesis ) 


Mean value 


Species 

Number 
of sera 

Nature of antibody 

Before 

After 

Removed 

Human 

9 

Antistreptolysin 0 
umts/ml 

303 

(28-1200) 

260 

(21-1000) 

14% 

Horse 

1 

Ditto 

100 

100 

0% 

Horse* 

1 

Diphtheria antitoxin 
Umts/ml 

420 

390 

7% 

Horse* 

5 

Cl ivelclm {3 -anti- 
toxin Umts/ml 

1300 

(900-1800) 

1250 

(950-1800) 

4% 

Human 

4 

Iso -agglutinin 
title 

The Effect of Alcohol 

L 46 I 39 

Ethei Exit action 

15% 

Human 

5 

Antistreptolysin 0 
Umts/ml 

872 

(31-1200) 

523 

(20-810) 

39% 

Horse* 

i 

Diphtheria antitoxin . 
Umts/ml 

420 

340 

19% 

* Estimations by Dr 

C L Oakley, Wellcome Physiological Research Laboratories, 

Beckenham 
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Eiom Tables I and II it is clear that whereas lipoid extraction has a lelatively 
minor effect upon a variety of known antibodies, it causes a major reduction m 
the antistreptolysin S titres of all the sera examined (human, horse, labbit, lat, 
ox) except for guinea-pig, and possibly plaice sera, in which considerable anti- 
streptolysin S activity remained even after alcohol-ethei tieatment 

It was of mterest to examine the ether extracts for antistreptolysin S activity 
These were accordingly either recombmed with the extracted sera or added to 
equivalent volumes of 0 9 per cent NaCl, and the ether was removed m vacuo 
over H 2 S0 4 Both the saline and the serum preparations were very much moie 
opalescent than the original sera, and a layer of fat formed on the surface aftei 
standing for some hours Thus it was evident that the original lipoid complexes 
were not wholly restored 

Representative results are given m Table III m which the behaviours of anti- 
streptolysin S and antistreptolysin 0 are contrasted It will be observed that m 
each case the antistreptolysin S activity of the extracted hpoid only j^rtly 
accounted for the difference between original and extracted sera, and that the 
leconstituted serum behaved with respect to antistreptolysin S as a simple 
mixture of the extracted serum and the lipoids In the case of antistreptolysin 
0, however, the hpoid extracts had activities fai greatei than those of the ongmal 
sera, yet the reconstituted sera were equivalent to the original sera Tins mthei 
puzzling observation is explained by the observation (Ilewitt and Todd, 1939)) 
that free cholesterol is a very powerful inhibitor of streptolysin 0 Thus lipoid 
extraction, while leaving the true antibody unchanged, fiees cholesteiol fiom the 
inactive protem complexes in which it occurs in serum It is clear, howevei, 
that such complexes must be formed anew when the extiacts aie recombined, 
although tins is not the case with the complexes concerned with antistieptolysm 
S activity 


Table III — Antistreptolysin S and’ 0 Contents of Seia Befoie and Aftei Exh action 
with Ethei , Compaq ed with Titres of the Extracted Lipids Added to Saline and 
to the Ether Extracted Serum 


Human A 

ASS 

Original 

serum 

10 

Ether ex 
ti acted serum 

4 

Extracted 

lipoids 

1 5 

Reconstituted 

sorum 

5 8 


ASO 

28 

28 

460 

53 

Human B 

ASS 

6 2 

4 

«1 

4 7 


ASO 

1200 

1000 

2000 

1200 

Horse (anti- 

ASS 

13 

2 3 

<1 

2 6 

scarlatina) 

ASO 

100 

100 

900 

100 


The effects of pioteolytic digestion 

In ordei to disiupt the piotem moiett of the hpoid complexes in seium use 
uas made of pioteolytic digestion Of the available enzymes pepsin seemed 
suitable since it v ould be inactive at pH S 0 , even in the presence of reducing 
agents and since serum contains no natuial inhibitor for it Seia were ticated 
v ith pepsm (B D H ) at pH 3 and at 17° C until approximately 20 per cent of 
the piotem mtiogen was no longei precipitable b\ tungstic acid The sera veic 
adjusted to pH 7, and the antistreptoh sm S and antistreptoh sin 0 contents veic 
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measuied befoie and aftci extiaction with ethei Conti ol samples weie incubated 

undei smnlai conditions without pepsm 

Through the loudness of Di C L Oakley theie weie available seia from 
hoises immunized against Cl welcJm winch contained considerable amoimts of 
(1-antitoxm, and which had been subjected to pepsm tieatment so bnef as to 
leave the antitoxin titles substantially unchanged (Harms, 1948), The anti- 
streptolysm S and (3-antitoxin of these seia were estnnated before and aftei 
extiaction with ethei 

The results aie sununaiized in Table IV Fiom tins it will be seen that pro- 
longed incubation with pepsm, actually tended to mciease the antistreptolysin S 
values of the seia, although antistreptolysin 0 was largely destroyed Further- 
more, after such prolonged treatment almost all the antistreptolysin activity could 
be extracted by ether From the control experiments without pepsm it appears 
that most of these effects were obtained by incubation at pH 3 alone 

Table TV — Effect of Pepsin Tieatment upon Anlisii eptolysm S, Antistreptolysin 

0, and. Anti -toxin Contents of Sera 


(Mean values aie given as percentages of those of the original sera ) 

Antistreptolysin S Antistreptolysin O 


Treatment 

Type of 
serum 

Numbei 

Before 

etliei 

After 

other 

Before 

ether 

After 

ether 

Piolonged with 

Human 

3 

190% 

9% 

7% 

Not done 

pepsm 

Hoise 

2 

100% 

6% 

Not done 

55 

Prolonged with- 

Human 

2 

100% 

6% 

i% 

55 

out pepsm 

Hoise 

2 

78% 

6% 

Not done 

55 

Brief with pepsm 

Hoise 

5 

135% 

62% 

Anti p toxin 

77% 71% 


Brief mcubation with pepsm also caused a rise in antistreptolysin S, but m 
this case there was no mcrease in extractabihty with ether Presumably undei 
such mild conditions (m which the (i- antitoxin was largely unchanged) the lipo- 
protein complexes were only slightly disrupted 


The correlation between serum lipoids and antistreptolysin S hires 

The experiments described above suggested that hpoid-protem complexes 
were responsible for the greater part of the antistreptolysin S activity of sera, 
with the possible exceptions of guinea-pig and plaice sera In order to test 
whether any direct correlation could be found between the presence of particulai 
lipoid constituents and antistreptolysin S activity, the lipoid phosphorus and 
free and total cholesteiol content of a number of sera from different species weie 
estnnated, both before and after extraction of lipoids From Table V it is 
apparent that there was no correlation between antisti eptolysm S titres and any of 
the serum constituents measured It is particularly notable that the alcohol- 
ether extracted sera contained only very small amounts of phospholipid oi 
cholesterol, and yet had considerable residual antistreptolysin S 
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Table V — Correlation Between Antistreptolysin S and Serum Lipoid Content 


Species 

(1) Untreated 

Xo 

seia 

Antistreptolysin S 
(umts/ml ) 

Range Mean 

Mean lipoid P 
(mg /100 ml ) 

Mean free 
cholesterol 
(mg / 100 ml ) 

Mean total 
cholesterol 
(mg / 100 ml ) 

Human 

0 

9-13 

10 

84 

65 

161 


s 

7-9 

7 S 

63 

37 

138 

it 

12 

2—7 

5 5 

G 8 

42 

140 

Horse 

2 

— 

18 5 

43 

20 

89 

Rat 

2 pools 

— 

55 

1 4 

0 

31 

Guinea pig 

1 pool 

— 

35 

1 72 

Not done 

37 

Sheep 

1 

— 

12 

3 2 


53 

Plaice 

1 pool 

— 

50 

9 5 


109 

Dog fish 

ft 

— 

5 

3 1 


104 

Spidei crab „ 

(whole blood) 

(2) Ethei extracted seia 


1 2 

0 24 

99 

<10 

Human 

4 

3 9-5 6 

45 

7 2 

2 

18 

Horse 

2 

— 

G 

2 5 

11 

21 

Rat 

2 pools 

— 

G 

1 3 

0 

5 

Sheep 1 

(3) Alcohol ethei exti acted 

sera 

3 1 

1 9 

Not done 

<10 

Human 

3 



3 7 

0 5 

0 

7 

Horse 

2 

— 

44 

0 25 

0 

0 

Guinea pig 

1 pool 

— 

I? 

0 

0 

0 


The antrstr eptolysm S content of serum fractions 

Effect of dialysis — The distribution of antistreptolysin S activity in seium 
between the euglobulin fraction (piecipitated by prolonged dialysis m the cold 
against distilled water saturated with C0 2 ) and the remainder was studied m 
seveial seia (Table VI) Somewhat surprisingly it w r as found that the two 

Table VI — Distribution of Antistreprtolysin S Between Euglobulm Fraction and 

Residue in Various Sera 

Per cent onginal activity in 

— - - - - - - - - - _ 

Onginal titre 


Seium 

(umts/ml ) 

Euglobulin 

Remainder 

Recovery 

Human 

12 

7 

81 

98 

Ox 

23 

130 

10S 

238 

Guinea-pig 

32 

146 

14S 

264 

Hoise 7620 

27 

SO 

30 

110 

(aftei ethei ex- 
tinction) 

4 

5S 

19 

77 

Horse 76)7 

10 

45 

100 

145 

,, (aftei ethei ex- 
tinction) 

3 3 

70 

30 

100 


fraction^ of o\ guinea-pig and hoise seia taken togethei had more antistreptolysin 
S actint\ than the onginal serum Furthermore, the two horse sera diffeied 
sliaiph fiom one anothei — that with a high antistreptolysin S having relativel} 
a much Iaigei actmt\ m the euglobulin than the othei, vhile the activity of the 
lemaininsr fiactions was about equal Aftei ethei extraction the two horse 
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seia behai ed similarly, and then euglobulm fractions contained almost 3/4 of the 
lesidual antistieptolysm S 

These experiments demonstrated that the sepaiate antistieptolysm S activities 
of seiuni components were not necessaiily equal to the activity of the original 
serum, and that not only weie theie diffeiences between species but also between 
individuals within a species It was nevertheless decided to attempt to follow 
the behavious of antistieptolysm S m human serum fractionated by ammonium 
sulphate and by electrophoresis 

Ammonium sulphate fi achonaiion — Two normal human seia, before and aftei 
extraction with ethei, were fractionated with ammonium sulphate solution 
(buffered at pH 6 7) in the cold The fractions were freed from ammonium 
sulphate, by dialysis m the cold fiist against distilled water and then against 
0 9 per cent NaCl The antistreptolysin S and 0, and the nitrogen, total choles- 
terol, hpoid phosphoius, and total carbohydrate content of each fraction were 
then estimated Table VII show s the distribution of antistreptolysin S and anti- 
streptolysin 0 between the fractions The percentages are given m terms of the 
original serum activity, and the differences between the two sera are largely due 
to poorer recovery of activity m serum B than serum A 

Table VII — Pei centages of Original Antistreptolysin S and 0 Activity Recovei ed 
in Different Fi actions of Human Serum 


Per cent saturation with ammonium sulphate 


t 


A 


'' 1 

0-33 

33-40 


40-50 

50-80 


Serum 

s 

0 

S 

0 

S 

0 

s 

O 

Human A 

7 

77 

9 

14 

16 

9 

59 

0 

Human A (ethei extd ) 

7 

64 

7 

9 

7 

2 

7 

0 

Human B 

5 

53 

6 

31 

S 

16 

58 

0 

Human B (ether extd ) 

3 

30 

4 

15 

4 

8 

4 

0 


Electropho’, 

tetic 

Fractions 






v glob 

P- + 

v glob 

a glob + alb 

Albumen 

Antistreptolysin 

S 

0 

s 

O 

S 

0 

S 

0 

Human C 

( ? 5) 

58 

("Z 12) 

42 

16 

0 

67 

0 


It is clear, however, that (m contrast to antistreptolysin 0) the antistrepto- 
lysin S activity is mainly in the albumen containing fractions, and that it is from 
these that the activity is removed by treatment with ether 

No quantitative correlation was found (Table VTII) between the antistrepto- 
lysin S and the total cholesterol, the hpoid phosphorus, the protem nitrogen oi 
the total carbohydrate in the fractions of the unextracted sera, and although 
after ether extraction there was apparently a fair correlation between caibohy- 
drate content and antistieptolysm S in serum A, there was more variation m 
serum B 

In contrast to the results obtained with the human sera, sinnlai fractionation 
of pooled guinea-pig serum, before and after extraction with alcohol-ethei , show e 
that the antistreptolysin S activity was initially high both m the albumen and 
globulin fractions, and that after extraction the activity of the globulin trac ion 
was diminished more than that of the albumen 
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Table VIII — Coi i elation of Antisti eptolysm 8 and Serum Constituents m Fractions 

of Serum A 


Antistreptolysin S in units per mg of 


Befoie extraction 

( 

Nitiogen 

Cholesterol 

Lipoid P 

Total 

carbohydrate 

0-33% Am Sulph 

0 33 

8 1 

136 

54 

33-40% „ 

0 78 

6 8 

238 

89 

40-50% „ 

1 59 

9 1 

200 

165 

50-80% „ 

1 06 

5 2 

107 

22 7 

Aftei ethei exti action 





0-33% Am Sulph 

0 29 

17 

84 

5 0 

33-40% „ 

0 37 

9 

70 

6 5 

40-50% „ 

0 79 

38 

64 

7 0 

50-80% „ 

0 14 

10 

37 

62 


Electi ophoretiG fractionation — Through the kindness of Dr C L Oakley r an 
electrophoretic separation was performed at the Wellcome Research Laboratories 
on a sample of normal human serum The separation was earned out at pH 
8 0m phosphate buffer, ;i = 0 2 Albumen, albumen -f- a -globulin, B — by~ 
globulin and y-globulm fractions were examined for antistreptolysin S and 0 

The results were m agreement with those found with the ammonium sulphate 
fi actions, except in one respect It was found impossible to measure the anti- 
streptolysin S activity of the fractions containing y-globuhn when yeast nucleic 
acid broth streptolysm was used, irregular results noth apparently very high 
titres being obtained despite several repetitions of the assay When serum 
streptolysm, which in othei estimations behaves in the same way as nucleic 
bioth sti eptolysm, was used for the assay end-points weie obtamed, but the 
appaient antistreptolysin S activities both of the y-globuhn and of the (3 — \-y~ 
globuhn fractions were still greatei than the total activity of the original serum 
Smnlai phenomenons, though less well marked, were observed when estimating 
antisti eptoly sin S on sepaiated ox and guinea-pig euglobuhn fractions, and it 
appeal's that the combination between y-globuhn and streptolysm S is very much 
firmei m the absence of other serum components 

The effect of acid, alkali and heat 

It has alieady been mentioned (Table IV) that incubation of serum at pH 3 
foi 48 hi caused only a small deciease, if any, m the antistreptolysin S content 
Other samples of normal human serum — untreated, ether extracted and recon- 
stituted aftei ether extinction — were kept at pH 9-10 for 3 days in the cold 
w ithout significant change in antistreptolysin S The same samples w ere heated 
at bo° C foi 1 horn also u ithout effect upon the antistreptoly sm S 

Heatnm of normal and ether extracted horse serum at 100 C for 5 minute^ 
caused coagulation The cleai fluid which sepaiated from the coagulum m both 
cases had considerable antistreptolvsm S activity approximately equal to that 
of the unheated ethei -extracted serum This activity was shown to be associated 
with uncoagulated protein bemg leveisibly precipitated by trichloracetic acid, 
and w as not affected by further extraction with ethei 
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The effect of imyuuj ticatment vnth ethei 

It had been obseived that successive extractions of seium with ethei below 

— 25° C , up to four m numhei, all lemoved antistreptolysin S activity, though in 
chmmislnng amounts It was of interest to note the effect of saturation of serum 
with ethei, with gentle shaking, followed by lemoval of ether by evaporation 
on a pump so as to leave behind all the original seium components When a 
hoise and a human seium weie thus tieated at room temperature then anti- 
stieptolysm activities fell to 55 pei cent and 71 per cent, and when treated below 

— 25° 0 to 26 pei cent and 40 pei cent respectively Thus it is evident that the 
lipoprotem complexes concerned in antistieptolysm S activity are extremely 
labile to ether and aie irreveisibly broken simply by satuiatmg at room tempera- 
tiue 


DISCUSSION 


The evidence piesented above supports the suggestion made on serological 
grounds that antistieptolysm S is not an antibody m the accepted sense, and 
furthermore that its nature varies between species, and even between individuals 
In human serum most of the antistreptolysin S activity is earned by a labile 
hpoprotem complex associated -with the albumen fraction, but the globulin 
fractions also have some activity, most of which is letamed after gentle treatment 
with fat solvents 

IVIild denaturation oi peptic digestion may increase the antistieptolysm S 
activity by loosening the hpoprotem complexes without destroying that part 
of the proteins which carries the residual antistreptolysm S activity aftei ether 
extraction More extensive digestion of the proteins, however, destroys this 
lesidual antistieptolysm S Schematically tins may be represented as follows 


Antistreptolysin 


/ 


Lxpoprolem 

complexes 


\ 


Loose , activity removed simply I 
/ by other extraction I 

\Firm , activity removed by ether [ 
only after digestion or denatu J 
ration 


Activity may be increased by 
digestion or denaturation of 
protein 


Non specific Activity remains even after alcohol ethei extraction, but destiojod 
proteins by prolonged peptic digestion No evidence that these aie true 
antibodies 


The same scheme would also covei horse sera, with the proviso that m some 
sera a considerable amount of active hpoprotem complex may be found m the 
euglobuhn fraction Insufficient evidence was obtamed for generalization about 
other species, but in guinea-pig serum, which behaved differently from othei seia, 
hpoprotem complexes aie either unimportant m this connection or else are so 
stable that they are unaffected by ether treatment 

Concerning the detailed nature of the inhibitors mamly negative evidence has 
emerged, for theie was no apparent correlation between antistreptolysm S and 
any of the serum constituents examined The methods of fractionation used 
were too crude to permit identification of the protem, oi of the hpoprotem factors, 
which were included m the globulin fractions Some information u as gamed bv 
examination of the streptolysin S inhibition by human serum fractions prepared 
for another purpose by the cold ethanol fractionation method of Cohn and ns 
colleagues (Edsall, 1947) Considerable inhibition uas caused by the fractions, 
containing the Bj hpoprotem (Fraction III 0 ), the a x hpoprotem (Fraction i\ j), 
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and by the y-globulin containing Fraction (II + IH W ) The albumen fraction, 
however, presumably because of the alcohol treatment involved m fractionation, 
caused negligible inhibition Fraction II and III (which contains the mhibitoiy 
III 0 and II + III W ) was notably less active than either of its constituent fractions 
demonstrating once again that inhibition of streptolysin S is a complex pheno- 
menon, and that the affinity of a particular serum component may depend upon 
the presence or absence of others Greater knowledge of streptolysin S itself is 
leqmred before the exact mechanism of its inhibition can usefully be considered 
It may be of interest to compare antistreptolysin S with some othei mhi bitois 
of enzymes or toxins known to occur m normal sera Duthie and Lorenz (1949) 
have recently studied trypsin inhibitor, and an inhibitor of the proteases of ceitam 
non-patliogenic bacteria, and have reviewed earher work on these substances 
Trypsin inhibitor is found mainly m the albumen fraction, although some activfiy 
was present m all fractions of serum examined U nlik e antistreptolysin S it is 
relatively unaffected by ether treatment, although much dimin ished by chloro- 
form The bacterial protease inhibitor was found to be a labile component of 
the globulin fraction, being piesent in varying amounts m different species 
Plasmin inhibitor, studied by MaeFarlane and Pilling (1946) and others, appeal’s 
to resemble trypsin inhibitor m its behaviour Among inhibitors of haemolysms 
may be mentioned an inhibitor of 0-toxin of Cl welclm (private communication 
from Dr C L Oakley), and a non-specific inhibitor of streptolysin 0 found by 
Packal6n (1948) m sera from cases of hepatitis The latter appears to be a lipo- 
protein present m a- and p -globulin fractions 

Normal sera also contain an inhibitor of hyaluionidase (McClean, 1942) and an 
mhibitoi of the liaemagglutmating and certain other properties of influenza virus 
winch is found mainly m the p x globuhns (McCrea, 1946 , Hurst, 1949) In con- 
nection with this so-called “ Francis inhibitor ” it has been suggested by Smith 
and Westwood (1949) that such inhibitors may be biologically important m detei- 
mining natural resistance to particular infectious agents It is possible that the 
widespread occurrence of antistreptolysin S may account for the apparent unim- 
portance of streptolysm S pioduction m determining the virulence of streptococci 


SUMMARY 

(1) Tieatment of seia with ethei or alcohol-ethei , in such a mannei as to cause 
only nnnoi changes in the titres of known antibodies, causes a major leduction 
in antistreptolysin S titre Tins phenomenon was observed in the sera of man, 
horse, labbit, rat, ox, sheep, but was less marked in gumea-pig and plaice seia 

(2) From a study of the effects on antistreptolysin S of peptic digestion of sera 
and of their fractionation by various methods, it is concluded that m man and the 
hoise antistreptolysin S activity is a complex phenomenon, mainly dependent 
upon labile lipoprotein components associated with the albumen fraction 

(3) The antistieptolysin S activity of separated serum components may be 
gieatei than that of the onginal serum, presumably because some of the groups 
capable of linkage v ith streptolysm S are normally hnked with one another 

My thanks are due to lUiss M E Smith for able technical assistance, to Dr 
C L Oakley foi sera and for fruitful discussion, and to Professoi Wilson Smith 
foi constant help and advice 
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The work to be described m this paper was begun in January, 1947, to provide 
information on the toxicity of berylhum and its compounds Hyslop, Palmes, 
Alford, Monaco and Fairhall (1943), m a long report, stated that no particular 
toxicity had been established for berylhum, and that whatever toxicity had been 
found with the salts of bery lhum was due to the toxicity of the acid radicle and 
the hydrolysis of the salts These writers had made an extensive review of the 
literature, but failed to emphasize the importance of earlier work by Siem (1886) 
and Comar (1935) which demonstrated the toxic properties of berylhum When 
our preliminary experiments demonstrated beyond doubt that berylhum was a 
very toxic element, it became possible to assess the results of previous workers, 
and to explain many of the discrepancies and contradictions found m the literature 
Hyslop d ol (1943) include in their report a very complete bibliography, and no 
useful purpose will be served by providing a similar list in tins papei It should, 
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however, he emphasized that confusion has arisen because both soluble and 
insoluble compounds have been used, and because no serious attention has been 
given to the varying effects produced by different routes of administration 

When given intravenously the soluble salts of beryllium have always show n 
themselves to be toxic m doses so small that neither the acidity of the solution nor 
the properties of the anion could be held responsible for the liver necrosis and 
death of the a n i m al Our experiments have confirmed the earlier ones of Siem 
(1886) and Comar (1935), and in a recent paper Scott (194S) has described the 
pathological lesions produced by beryllium administered intravenous!}* 

Having established that beryllium was m fact toxic, ue earned out furtliei 
work m an attempt to find out more about the mode of action of beryllium, and 
the genesis of the very profound tissue reactions that it produced 


METHODS AND MATERIALS 

A method suitable for the microdetermm ation of beryllium m biological 
matenals has been described elsewhere (Aldndge and Liddell, 1948) It is a long 
and difficult method, requiring considerable care and expenence before repro- 
ducible results can be obtamed Foi these reasons the number of deternunations 
made had to be limited Further, the method cannot be used for determining 
beryllium m bone or faeces , low values obtained in control expenments v ith these 
matenals weie assumed to be due to the mechamcal entrainment of beryllium 
compounds m the large amount of calcium sulphate deposited in the sulphunc 
acid digest 

For some of the work a roughly quantitative spectrograplnc method v as 
employed, and a feu spectrograplnc deternunations of beryllium m bone ueie 
also earned out for us at the Atomic Energy Research Establishment, Harwell 

Standard histological methods were used for the examination of the tissues 
Much valuable information was obtamed from the use of a special histochenncal 
method foi staining beryllium m fixed tissues The method will be desenbed 
in full elseu here 

Rats — albmo and hooded — were bred at the Animal Farm, Chemical Defence 
Expenmental Estabhshment The greater bulk of the work v as done with these 
animals, winch uere in good condition and free from mtercurrent disease i\Iice 
and rabbits were obtamed mainly from dealeis The rabbits vaned very con- 
siderably, and manv were heavily infected with coccidia 

Beryllium compounds used were prepared from metallic beryllium of at least 
99 9 pei cent purity Beryllium sulphate, oxyfluonde and lactate were used and, 
in addition ammonium beryllium oxalate and sodium beryllium tartrate and 
malate were prepared for certain expenments Beryllium lactate is a basic 
lactate vhose composition vanes with the conditions of preparation For this 
leason all samples vere analysed for their beryllium content It is freely soluble 
in vater, giving a clear solution of about pH 5 5 Ammonium beryllium oxalate 
is a double salt m which beryllium is ionized Beryllium also forms complex 
compounds with sodium tartrate and malate In these salts ber\ Ilium is contained 
within the anion and is not lomzed The compounds are freely soluble, but the 
beryllium is not precipitated by phosphate Thev have been assigned the 
following formulae (Parsons, 1909) 
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,ioh 2 o 

1 i 

C H 0— Be— 0— Be— 0 H C 

| | 

1 COO Be— 0— Be OOC 

I _ 


| | 
COO Be— 0— Be OOC 


,7H a O 


Every sample of beryllium lactate, tartiate and malate was analysed foi 
beryllium 

All the earlier v ork was earned out until beryllium lactate because solutions 
of tins salt are only sbghtly acid and the anion can be considered completely 
non-toxic 


RESULTS 

Toximty of Soluble Beryllium Compounds by Intiavenous Injection 

Solutions of beryllium lactate and sulphate were injected intravenous^ into 
rabbits, rats and nnce When the dose of beiyllnnn is equivalent to 0 5-1 nig 
per kg body weight, death of the animal usually follow s 1 to 4 days latei An 
average lethal dose of the same order was repoited by Siem (1SS6) and Comar 
(1935) with cats, dogs and rabbits injected with beryllium tartiate, lactate and 
sulphate 

The LD50 for beryllium lactate was calculated for mice (20 g ) and rats (200 g ) 
The figures are presented m Table I Young lats are somewhat more resistant 
than older animals 


Table I — The Mortality Rates and LD50 foi Beiylhum Lactate Imected 
Intravenously into Rats and Mice 


LD50 

Fiducial limi ts 


Mice Weight 20 g 

Dose DeathB/totnl 

mg Be /kg injected 


0 25 7/20 

0 5 13/20 

0 75 19/20 

0 34 mg /kg 
0 23—0 42 


Rats Weight 200 g 

Dose Deatlis /total 

mg Be /kg injected 


0 3 2/20 

0 6 25/40 

0 9 18/20 ' 

0 53 mg /kg 
0 44-0 60 


Rabbits seemed sbghtly more sensitive in that a dose of 0 5 mg of beryllium 
per kg killed all of the 37 animals injected, but the high incidence of coccidial 
infection with attendant liver cirrhosis may have been partly responsible 

There was no immediate reaction to the injection of an average lethal dose, but 
within 18 hours the animals were obviously ill, sittmg quietly and refusing food 
This condition persisted until death In the case of rats and mice death took 
place unobtrusively, but in many rabbits a short senes of violent convulsions 
immediately preceded death The rats, if they survived 3 days or longer, became 

jaundiced 

At post mortem all a nima ls showed a str ikin g degree of liver damage, obvious 
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to naked eye inspection If death was early the liver was red, friable and 
haemorrhagic, but m later deaths the hver became yellov and soft In rabbits 
there was a variable amount of haemorrhagic peritoneal exudate The renal 
surfaces often had superficial haemorrhages, as did also the pleural surfaces of the 
lungs These changes were only seen m the rabbits, and may have been partlv 
the result of the ter m i n al convulsions One other noticeable feature was the 
delayed clotting tune of the blood from animals dying after berylli um poisoning 

There was very httle variation in the general picture of beryllium poisoning 
seen among animals which were the subject of experiments spread over more 
than 2 }"ears 

The clann of Hyslop et al (1943) that the toxicity of beryllium, compounds 
was connected with the properties of the anion or of the salt as a whole, rathei 
than being a specific property of beryllium, seemed to be adequately discoun- 
tenanced by these experiments with beryllium lactate The toxicity of a nunibei 
of beryllium salts was compared in an experiment with mice m which the annuals 
each received 10 gg of beryllium m solutions of different salts The results, 
presented in Table H, show that there is no marked difference in the toxicity of 
the different salts with the exception of sodium berjdhuni malate It is possible 
that the explanation mav be in the rate of breakdown of this salt to give a slow 
release of beryllium into the tissues 


Table II — The Comparative Toxicity of Different Salts of Beryllium 


Animals Mice (20 g ) 

Number per group 30 

Dose of beryllium injected 10 gg /mouse 

Volume 0 1 ml 

Route Intravenous 

Salt 

Beryllium sulphate 
Beryllium oxyfluoride 
Beryllium lactate 
HH 4 beryllium oxalate 
Ha beryllium tartrate 
Ha beryllium malate 


Mortality per cent 

77 

88 

66 

67 

SO 

13 


The toxicity of beryllium was also compared to that of lithium, magnesium, 
calcium and aluminium injected intravenously mto mice as solutions of their 
lactate Whereas a dose of 20 gg beryllium killed even" mouse, the molar 
equivalent of 40 gg bervlhum as lithium, calcium or aluminium did not loll a 
single mouse Magnesium at tins level produced acute symptoms v Inch were 
occasionally fatal within a few minutes, but the surviving animals recovered 
completely 

The Fate of Beryllium after the Intravenous Injection of its Soluble Salts 
The method of estimation devised by Aldridge and Liddell (194S) made it 
possible to determine the amount of beryllium down to 0 5 gg m all tissues except 
bones and faeces A number of determinations were therefore made of the 
amount of bervlhum held in the different tissues at varying times after the 
mtravenous injection of beryllium salts 
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In a prekinmarj'- experiment a rabbit was injected with 7 mg of beryllium 
per kg as a solution of beryllium lactate Spectrograplnc analysis of the blood 
showed that within 6 hours all but a trace of beryllium had left the circulation 
The organs of this animal weie analysed by the chemical method after death, 
44 hours aftei the injection The blood, heart, lungs, liver, spleen, kidneys, 
skeletal muscle and brain were examined About 30 per cent of the total 
beryllium mjected was accounted for, and of this, 40 per cent was m the hver 
and 4S per cent m the spleen 

A further series of experiments was earned out noth mice In each case the 
animal received 80 jig beryllium m 0 1 ml of a solution mjected into the tail vein 
Animals were killed at different times after injection and the organs analysed for 
beiylhum The results of several experiments are presented m Table III After 
a dose of tins size mice do not hve as long as 48 hours, and so it was not pos- 
sible to see whethei beryllium concentrated m the spleen after 24 houis 

Table III — The Beryllium Content of Organs of Mice Killed at Different Times 
After the Intravenous Injection of 80 \xg of Beryllium 


Time after injection of beryllium 


Organ 

5 minutes 

1 hour 

2 hours 

24 hours 

Liver 

10 8 (3) 

24 8 (8) 

29 5 (6) 

22T 0 (7) 

Spleen 

0 (3) 

2 8 (8) 

2 0 (6) 

2 1 (7) 

Kidney 

2 1 (3) 

0 8 (S) 

0 6 (6) 

0 7 (7) 

Lung 

0(3) 

1 2(7) 

0 6 (6) 

0 6 (6) 

Gut 

0(3) 

3 3 (8) 

3 3 (6) 

2 3 (7) 

Percentage beiylhum recovered 

a Total 

16 

40 

45 

34 

b In liver 

13 5 

30 

31 

27 5 


Beryllium (jig )expressed aa average of a number of experiments (m brackets) 


In addition the total beryllium recovered is expressed as a percentage of the 
amount injected, and this never exceeds 50 per cent The heart, brain, skin and 
skeletal muscles were examined, but never contamed any measurable amounts 
of beryllium The tail was also analysed to check any possible loss of beryllium 
round the vem at the time of the injection but only an occasional trace was 
recovered In a later experiment 12 mice were each mjected with 80 fig of 
beryllium mto the tail vem Four were killed 1 /2, 6 and 24 hours after injection 
The total beryllium m the skeleton of each mouse was determined spectro- 
graphically, and amounts varying from 2 I to 8 5 fig per mouse were found 
There was no evidence of any accumulation of beryllium m the skeleton within 
the first 24 hours of a single intravenous injection The total beryllium m the 
skeleton never accounted for more than 10 per cent of the mjected beryllium 
The excretion of beryllium after the intravenous injection mto rats vas 
determined and did not exceed 10 per cent of the total mjected, even m animals 
that hved for 72 hours 

Although we have not found it possible to trace all the mjected beryllium, 
it is noteworthy that of the amount that can be recovered, by far the greater part 
is in the hver The figures for mice are given m Table III The figures for rats 
26 
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are similar (Table IV) However, m early experiments with rats, m winch a 
small weighed sample of the liver was taken, the results were extremely incon- 
sistent It was then discovered that the concentration of beryllium m different 
parts of the liver varied very considerably, and so the content of the whole livei 
could not be calculated from a determination made on a Small sample In 
Table IV the figures are given for the concentration of beryllium m the foul 
mam lobes of the livers of 7 rats The variations m concentration m a given 
animal are considerable, but there is no fixed ratio of the amounts of beryllium 
m the different lobes This suggests that there is no anatomical basis to explain 
these variations The total amount of beryllium found m the liver 20 hours or 
more after injection was about 30 per cent of the total injected 


Table IV — The Concentrations of Beryllium m the Separate Lobes of the Livers of 
Rats Injected until 200 gg Beryllium Intravenously and Killed at Intervals After 


Arumal No 

l 

2 

3 

4 

5 

0 

7 

Time after injection. 

Concentration of beryllium 

([*g /g ^ver) 

7 mm 

15 min 

4 hr 

20 hr 

20 hr 

20 hr 

48 hr 

Lobe Right anterior 

1 7 

6 6 

10 0 

S 2 

8 4 

10 3 

6 2 

Left anterior 

5 9 

4 9 

9 9 

5 2 

7 7 

5 1 

3 6 

Right posterior 

3 9 

5 0 

15 5 

16 5 

4 3 

3 3 

3 3 

Left posterior 

6 0 

7 5 

11 5 

7 4 

9 1 

4 5 

4 6 

Total beryllium m liver (gg ) 

29 

33 

41 

53 

52 

69 

47 

Percentage of injected beryllium 

14 5 

16 5 

20 5 

26 5 

26 

34 5 

23 5 


(Boryllium as gg / g of h\ or ) 


The distribution of beryllium m the hver of the rabbit was found to be more 
nearty equal m all parts The analysis of 5 samples taken from different lobes of 
a hver of a labbit, dying 4S hours after the injection of 0 2 mg /kg , showed a 
variation of only 1 55 to 1 93 gg / g m the concentration of beryllium Agam, 
about 40 per cent of the total beryllium injected could be recovered from the 
hvers of rabbits 24 hours or more after the injection 

The results of the tissue analyses for beryllium indicated that while some 40 
per cent of injected beryllium could not be traced, the greater part of the remainder 
collected m the hver and remained there until the annual died Only a small 
percentage was excreted, and there was no evidence of any concentration in bone 
over the short period of these acute experiments 

The Tissue Reactions to Beryllium 

The tissue reactions to the intravenous injection of beryllium salts have been 
studied by a combination of the usual histological staining methods with a special 
lustochemical method devised by Denz (1949) With the aid of the latter method 
it v as possible to stain the tissues specifically for beryllium The method consists 
of forming a coloured compound with beryllium and the dyestuff “ naphthocrome 
Green B ” under conditions m winch non, 'aluminium and other elements normalh 
present m the tissues do not react with the stain The validity of the results 
can be shown by a comparison of the intensity of the staining seen in different 
organs with their bervlhum content estimated chemical!} , e g 
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Liver Spleen Kidney Lung Heart 

Concentration of beryllium 

(jxg /g vet tissue) 29 5 20 06 06 0 

Intensity of beiyllium stain + + + ++ + — — 

The lnstochemical method is not sufficiently sensitive to detect beryllium m 
the tissues after the injection of a smgle lethal dose, and as a rule histochemical 
tracing was earned out after the injection of 8 M L D 

The distnbution of beryllium after 8MLD might be very different from the 
distnbution after the injection of 1 M L D However, it is just possible to detect 
beryllium m the tissues after 2 M L D , and the distnbution is the same as after 
8MLD 

The distnbution of beryllium and the histological changes m the different 
tissues are desenbed m detail below 

Liver 

Within a few minutes of the intravenous injection of beryllium lactate 
beryllium can be seen within the artenes and veins of the liver, and the paren- 
chyma takes on a pale green tint Within 10 minutes beryllium begms to collect 
in the smusoids By 30 minutes the diffuse staining has leached a maximum, and 
thereafter decreases slowly But the staining of beryllium in the smusoids 
increases in intensity up to 2 hours, and persists for 24-48 hours while pathological 
lesions are developing A few hours after the injection of beryllium the hver 
presents a characteristic picture, with the pale diffuse green staining of the 
parenchyma speckled with the darker green of focal concentrations within the 
smusoids These focal concentrations of beryllium appear to consist of protein 
masses staining uniformly for beryllium and lying within the lumen of the 
smusoids They are found predominantly m the midzone of the lobule, though 
occasional aggregations are seen m the central and peripheral zones There is 
some evidence of the phagocytosis of these beryllium protein masses by the 
Kupffer cells, but tins does not account for the focal accumulations of beryllium. 

Pathological changes appear in the hver within three hours of the intravenous 
injection of a dose of 1 mg beryllium per kg The normal pattern of the hver 
is replaced by a uniform field of swollen cells which have become hexagonal m 
outlme as a result of common pressure This generalized reaction disappears 
within 24 hours Instead, the smusoids of the midzonal regions now become 
dilated and many are grossly distended Focal lesions in the hver cells become 
conspicuous These focal lesions may be detected within 6 hours, and consist of 
small groups of necrotic parenchymatous cells The cytoplasm of these cells 
becomes pale and vacuolated, the cell outlines are indistinct and the nuclei either 
hydropic or small, dark and pyknotic Groups of damaged cells sometimes form 
rosettes around midzonal smusoids 

These changes are taking place while the focal concentration of the beryllium 
in the smusoids is increasing, and around these areas focal necrosis develops 
Within 24 hours the general reaction of the hver has subsided, and some time 
before this the general staining of the parenchyma with beryllium has faded 
Meanwhile, around the tmy focal aggregates of beryllium m the smusoids celluJai 
necrosis has started By the end of 24 hours these focal aggregates are beginning 
to fade as the beryllium begms to spread m an ever -widening circle into the 
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damaged tissue round about The liver cells begin to disintegrate, and the nuclei 
either break up into pyknotic fragments or, more commonly, just fade aivav 

The connective tissue of the portal tracts becomes oedematous and infiltrated 
with round cells The smusoids are invaded by large numbers of polymorpho- 
nuclear leucocytes The Kupffer cells show signs of phagocytic activity but no 
sign of active proliferation 

By 48 hours the focal lesions involving the nndzone of the lobules aie fully 
developed In some places eosinophilic masses infiltrated by neutiopliils aie 
still present , m others the neciotic material has entered the cential veins, 
leaving behind blood-filled spaces The reticulum persists until softening is 
complete and the blood spaces have appeared 

In animals that live for 72 hours or more the extent of the liver destruction 
is very considerable, and a constant feature of the necrosis produced by ber) Ilium 
is the persistence of a collar of liver cells, as a smgle layer, round the central veins 
and portal tracts 

Kidney 

Within 15 minutes of injection beryllium can be seen in the arcuate vessels 
and vasae recti It disappears from the former within 15 minutes, but can be 
seen in the inter -lobular veins up to 30 minutes Only in isolated cases has it 
been seen within smgle glomeruli, and it has not been found m the capillary net- 
work surrounding the tubules Beryllium is, however, found m the medulla of 
all kidneys examined 30 minutes after injection, lying within the vasae recti 
These vessels, which are ananged m bundles, contain hyaline eosinophilic masses 
of plasma protein that stain strongly for beryllium This stainmg may be seen up 
to 4 hours after injection and then disappears gradually, so that only in exceptional 
cases can any beryllium be seen in the vasae recti after 24 hours Unlike the liver, 
histological changes cannot be detected in the kidney during the first 24 hours, 
and by the time they do appear all but traces of the injected beryllium have left 
the kidney During the second 24-hour period changes take place in some of 
the proximal convoluted tubules The tubular epithelium loses its affinity for 
stains and becomes ragged in outline, while the lumen contains cytoplasmic and 
nucleai debris, but complete protein casts are not formed at this stage These 
lesions are best seen m tissues fixed in Helly’s fluid and stained by Heidenham’s 
azocarmine-anihne blue method The damaged proximal convoluted tubules 
with tlieir pale, flattened epithelium and wide lumen superficiality resemble distal 
convoluted tubules, but the damaged tubules can be recognized by their ragged 
ci toplasm and their position around glomeruli At 48 hours the changes in the 
proxnnal convoluted tubules are well developed The epithelium of the damaged 
tubules is no longer columnar, but has become so flattened that the suivivmg 
nuclei bulge into the lumen The protein casts m the lumen of damaged tubules 
stain brilliantly with azocamiine, and, surrounded by a tlnn white collai of 
damaged epithelium, contrast strongly with the purple of undamaged tubules 
The damaged tubules are found scattered among normal tubules, and a focal 
lesion v Inch may give the impression of damage to many different tubules is, in 
fact made up of lesions to the same tubule 

At 72 hours the damaged tubules are easier to see owing to the formation of 
more casts but the number is not increased 

The extent and exact site of the damage m individual nephrons has been 
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investigated by examining serial sections and reconstructing nephrons in plasticine 
No changes have been detected in the glomeruli The tubular damage starts at 
the point of origin from the glomerular capsule Damage to the neck of the 
tubule is always slight, while the most severe damage is in the convoluted part of 
the proximal convoluted tubule As the straight part is reached the seventy of 
the lesion decreases, and by the time the loop of Henle is reached the epithelium 
once agam appears normal The rest of the nephron is free from pathological 
change The severe lesions affect only a small number of nephrons, but if 
apparently normal nephrons are carefully followed m senal section, lesions will 
commonly be found m the neck and m the convoluted part of the proximal 
convoluted tubules 

Neither the chemical nor histochermcal method is able to detect any 
appreciable quantities of beryllium after the first few hours of an intravenous 
injection It is possible that the attempted excretion of small quantities of 
beryllium throughout the whole period of survival may account for the damage, 
but the localized nature of the lesions suggests that the mam injury occurs over 
a relatively short period of tune 

Spleen 

Diffuse beryllium staining of the red pulp of the spleen appears within 5 
minutes of the injection and m 15 minutes is well developed This diffuse 
staining reaches a maximum within 30 minutes, and then declmes slowly, but is 
still present after 48 hours Concentration of berylhum takes place m the 
marginal zone between the red and white pulp This is clearly marked after 15 
minutes and persists The Malpighian bodies are entirely unstained and clearly 
outhned by the deeply stained marginal zone This concentration of berylhum 
is due to the accumulation of the beryllium protein masses withm the sinusoids of 
the margmal zone The same sinusoids are clearly outhned by an mtiavenous in- 
jection of Indian ink into the living animal As the diffuse staining of the red pulp 
fades, foci of more intense staining develop withm the red pulp Histological 
changes are first seen in the margmal zone between the red and white pulp Small 
focal lesions develop round the sinusoids Groups of cells become ill-defined and 
autolysed Withm 24 hours these small lesions have spread to mvolve the whole 
of the margmal zone, which is now shrunken and empty of large lymphocytes 
Similar small lesions develop round the sinusoids m the red pulp with destruction 
of the lymphocytes and other nucleated cells Infiltration of the damaged spleen 
by granulocytes begins withm a few hours of the injection of berylhum 

At 72 hours the appearance of the spleen is characteristic of acute berylhum 
poisoning The cellular white pulp stands out m strong contrast with the 
structureless red pulp, which is packed with red cells and free of lymphocytes 
The surviving nucleated cells in the red pulp are endothelial and reticulum 
cells, some nests of pr imi tive red and white blood cells, and a relatively large 
number of mature granulocytes that have infiltrated the damaged tissue The 
underlying reticular structure remains unaltered 

Changes m the white pulp are less extensive It becomes relatively reduced 
m volume, and the lymphocytes are loosely arranged instead of being packec 
tightly together , , f 

The histological evidence is that beryllium tends to collect m the smusoit s o 
the spleen, especially m the marginal zones, and round these aggregates o ier\ 
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hum cellular destruction starts and then spreads rapidly throughout the red pulp 
Beryllium never enters the white pulp, and changes here are limi ted to a reduction 
in the number of lymphocytes 

Other organs 

No changes attributable to beryllium poisoning have been found m the brain, 
heart, voluntary muscle, lung, intestine, pituitary, thyroid, parathyroid, pancreas, 
ovary, testis, thymus and lymph nodes Histoehemical staining failed to show 
any evidence of the accumulation of beryllium in any of these organs, although, 
of course, it can be seen within the larger vessels of all organs up to 15 minutes 
after an injection Thirty minutes after the injection of 8 M L D no beryllium 
is visible m the lumen of blood vessels except m the kidney 

Changes have been seen m the adrenals with shrinkage of the zona glomerulosa 
and other less definite changes These changes are probably associated with the 
physiological response to damaged tissues elsewhere 

Peripheral blocd 

The injection of beryllium salts m lethal or sublethal doses produces a sharp 
rise in the circulating granulocytes and a fall m circulating lymphocytes After 
sublethal doses the granulocytes return to normal from the fourth day The 
figures from rats injected with lethal doses of beryllium are presented m Table V 

Table V — The Effect of a Lethal Dose of Beryllium on the Numbers of Circulating 

Granulocytes and Lymphocytes 



(1000 per c mm ) 

Granulocytes 

Lymphocytes 

Number 
of animals 

Controls 

3 49 ± 1 64 

15 31 ± 5 47 

77 

Hours aftei beryllium 




1 to 8 

10 28 ± 0 67 

11 47 ± 4 86 

16 

24 

14 65 ± 5 40 

10 07 ± 4 36 

21 

4S 

22 87 ± 4 71 

7 S2 ± 3 30 

13 

72 

7 20 ± 7 25 

4 45 ± 3 26 

20 


The led blood cells are not affected, nor is there any evidence from a study of 
the bone marrow of a disturbance in their maturation processes The icticulocyte 
lesponse to an acute anaemia produced by bleeding was the same m rats acutely 
poisoned by beryllium as m normal rats The assumption is, therefore, that the 
changes in 'the circulating white cells are the result of damage to the other organs, 
and this is supported by the evidence of extensive infiltration of the liver and 
spleen with granulocytes which starts within a few hours of the injection of 
beryllium 

The Effect of Subcutaneous and Intraperitoneal Injections of 
Soluble Beryllium Salts 

The ordinary salts of beryllium — sulphate, chloride, lactate, oxyfluondc are 
much less toxic when given bv subcutaneous injection At a dose let el of 5 
mg /kg beryllium sulphate and lactate will not loll any mice The «ame dose oi 
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beryllium as oxyfluonde is fatal, but the pathological picture is not that of 
beryllium, poisoning Death is due to the toxic effects of the fluonde 

Both subcutaneous and mtrapentoneal injections of beryllium salts give nse 
to a vigorous local reaction in the tissues, and a chrome inflammatory lesion will 
develop after a smgle subcutaneous injection Histochemical staining shows that 
the beryl hum becomes fixed to the tissues at the site of the injection, and m the 
rabbit many remain for as long as 3 months after an intradermal injection The 
leaction takes place round this fixed beryllium The salts of Ca, Mg, and A1 do 
not produce any such local reactions 

If the beryllium is injected subcutaneously as a solution of sodium beryllium, 
tartrate its toxicity is much greater than an equivalent dose of beryllium as 
lactate or sulphate Thus at a dose of 5 mg /kg no mice died after the sub- 
cutaneous injection of beryllium lactate or sulphate, while all mice died after 
injection of sodium beryllium tartrate The pathological picture in these animals 
was characteristic of beryllium poisoning 

The beryllium m the sodium beryllium tartrate is not m an ionized form, and 
a much greater proportion gets earned away into the circulation This was 
shown in an experiment with a senes of mice injected with 200 pg beryllium 
Some received beryllium lactate and others sodium beryllium tartrate Mice 
were killed at intervals after the injection and the hver, spleen and kidneys 
removed and examined spectrographically Within 15 minutes there was the 
equivalent of 1000 parts beryllium per million parts of dry weight of hver, spleen 
and kidney in the animals receiving sodium beryllium tartrate, while no beryllium 
at all could be detected within 2 hours m the animals receiving beryllium lactate, 
and only traces were piesent 18 hours later 

Apparently ionic beryllium has the power of attaching itself rapidly and firmly 
to tissue protein It also attaches itself to serum protein after intravenous 
injection The histochemical staining always shows the beryllium to be present 
in amorphous masses within smuses, etc , and these masses have all the other 
staining properties of protein 

If beryllium is added to serum m mtro it rapidly becomes firmly attached, and 
an ultrafiltrate of serum to which beryllium has been added in a concentration 
of 50 pg /ml contains no beryllium at all Ordinary salts of beryllium are 
precipitated by sodium phosphate, but if the beryllium is first added to serum and 
then sodium phosphate is added, no precipitate forms Beryllium salts, such as 
the lactate, do not precipitate serum proteins m vitro 

Little is known about this peculiar affinity of beryllium for protein 
Although this attachment to protein will protect beryllium from precipitation 
as phosphate, it does not in any wa/y reduce its toxicity If beryllium lactate is 
first added to serum and left for periods up to 24 hours, this treated serum has 
all the toxic properties of the addecj beryllium 

DISCUSSION 

This peculiar affinity of beryUmmW protem suggested the possibility that the 
syndrome of beryllium poiso nin g might be attributable to the destruction or 
inhibition of some specific enzyme as a result of beryllium beconung attac ic 
thereto 

Early m the course of the work it was discovered that rabbits died from 
beryllium poisoning with blood sugar levels of 20 mg / 100 ml or le«s I he 
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tenmnal convulsions vere almost certainly hypoglycaemic m natuie Rats also 
died with low blood sugar levels 

It is hoped to report the full biochemical changea elsewhere, but it can he 
stated here that, as yet, no evidence has been found of any specific disturbance of 
the carbohydrate metabolism m the early stages of beryllium poisonmg Blood 
sugar levels, sugar tolerance curves, liver glycogen levels and blood lactic acid 
levels and tolerance curves were all within normal limits m the first 24 horns of 
poisomng Disturbances did occur, but only at a tune when they could he 
accounted for by the amount of the destruction of liver tissue that had taken 
place The animals apparently die from an acute liver failure Tins belief is 
supported by the experimental proof that repeated intravenous injections of 
glucose will prolong the life of fatally poisoned animals 

The destruction of the liver is apparently the result of an accumulation of 
beryllium, m the smusoids which takes place within the first few hours of the 
mtra venous injection of beryllium Foci of necrosis start round the deposited 
beryllium and extend by enlargement and confluence to form a midzonal necrosis 
Opie (1925), from a study of man and animals, concluded that focal necrosis 
was the antecedent condition for the development of midzonal necrosis This 
same tram of events has been seen after poisomng with a wide variety of 
agents — bacteria, bacterial toxins, vegetable toxins and metallic salts As a rule 
the focal necrosis and subsequent zonal necrosis is centnlobular rather than mid- 
zonal At first sight it appears paradoxical that the liver should accumulate 
within its smusoids a substance such as beryllium, ^ which then proceeds to destioy 
the hver tissue and so kill the animal This appears less peculiar if it is assumed 
that beryllium, by" attaching itself to protein, produces some foreign colloidal 
material Foreign material of a collodial or particulate nature is normally 
segregated in the smusoids of the hver and spleen, while haidly any can be found 
m the kidney, stomach, intestines, central nervous system or voluntary muscles 
(Drinker and Shaw, 1921 , Lund, Shaw and Drinker, 1921, Drinker, Shaw and 
Dnnkei, 1923, Voigt, 1914a, 19146, 1915, 1918, Duhamel, 1919, Gy r e and Purdy", 
1922 ) 

Once these materials have been removed from the general circulation and 
collected in the hvei sinusoids they are either taken up by the Kupffei cells oi 
absorbed b3 r the hver cells It is presumably" the attempt to absorb the beryllium 
that damages the hepatic cells The diversity of agents that produce hver disease 
has led to a searcli for a final common path through winch they 7 exert their toxic 
effect Though it has been suggested that some susceptible enzyme system nuglit 
supph this path, no such system has yet been identified An alternative hypothesis 
is that masses of foreign matenal in the hver smusoids produce focal necrosis as 
a result of vasculai stasis Though this view has the authority of Mallory, the 
condition of stasis has y 7 et to be adequately 7 demonstrated In the case of beryl- 
lium poisomng the first change seems to be an alteration in the cell permeability", 
resulting in cellular oedema Foci of cells close to aggregates of beryllium then 
bieak down, and necrosis has started This suggests that beryllium may affect 
the permeability" of the cell membrane 

The lesions m the spleen apparently have an origin similar to those of the 
liver, for the cells that hrst show evidence of damage are those around the foca 
concentiations of bervlhum m the sinuses of the marginal zone and m the reel 
pulp Necrosis and lysis spread until all but the reticulum itself is destroyed 



EXPERIMENTAL BERYLLIUM POISONING 


387 


The cells of the hepatic paienchyma and those of the red pulp of the spleen bear no 
functional resemblance to one another Tins suggests that the action of beryl- 
lium is a general one, and at the present time little more can be said than that 
beiylhum 01 beryllium protein complexes irreversibly damage some system 
common to the surfaces of certain types of cell 

The renal lesions are not so readily accounted for After large doses of 
beiylhum intravenously the metal can only be detected in the vasae reck, and 
none can be seen within or around the tubules that subsequently show the damage 
Chemical analysis shows that very httle beryllium can be found m the whole 
kidney, and very httle betylhum is exeieted m the unne However, before 
dismissing the possibility of direct damage to the tubules by beryllium, it must 
be remembered that no beryllium can be detected histochemically even in the 
hvei after a single lethal dose In other words, liver necrosis can result from the 
piesence of amounts of beryllium too small to be detected histochemically It is 
possible that m the first few minutes after injection some tubules come into 
direct contact with beryllium, but that the kidney reacts in a different way to the 
presence of this irritant The liver collects the beryllium, but the kidney, possibly 
by means of the vascular shunt described by Trueta, Barclay, Daniel, Franklin 
and Prichard (1947), protects itself from further damage and beryllium has no 
means of accumulating within it The occasional case where cortical necrosis 
develops may be the result of an overaction of this shunt 

Work with beryllium m vitro may often be comphcated by the formation of 
the very insoluble beryllium phosphate Although there is theoretically enough 
phosphate in the circulating blood to precipitate the berylhum injected as a single 
lethal dose, such precipitation and inactivation does not take place, presumably 
because of the protective role of the protein On the other hand, when berylhum 
is given by mouth the inorganic phosphate m the gut is able to prevent the 
absorption of any significant quantity of berylhum As Bramon, Kay and Guyatt 
(1931) showed, feeding berylhum to rats will produce rickets by depriving the 
animals of phosphate, and these animals die with a gross phosphate deficiency 
We have confirmed these observations and produced beryllium rickets, but rats 
dying during these experiments show none of the tissue changes that are charac- 
teristic of beryllium poiso nin g Furthermore, the tissues of these animals, when 
examined spectrographically after 3 months on a diet containing 2 5 per cent 
beryllium as a soluble salt, contain only traces of the metal 


CONCLUSIONS 

Beryllium ions have the property of reacting rapidly with certain tissue 
Proteins, including plasma protein The complex so formed is of an unknown 
nature It is of sufficient stability to protect beryllium from precipitation In 
phosphate ions Such precipitation is the fate of berylhum ions reaching t ie 
alimentary canal, with the result that berylhum leaves the body without laiming 
it except m so far as it may deprive it of phosphates where the amount of ben mum 
is large and its administration is contmued for long periods _ . 

The berylhum-protem complex is probably well held together jccaiiseo 
property berylhum possesses of forming co-valent compounds The protei 
not obviously denatured (precipitated) by the union with berylhum At the amc 
time, the original toxicity of the berylhum ions is fully maintained 
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In the subcutaneous tissues beryllium attaches itself to protein forming part 
of the permanent tissue elements, for after a single injection beryllium may remain 
%n situ for many weeks Round the beryllium chronic inflammatory lesions 
develop and persist presumably as a response to the contmual shght tissue des- 
truction produced by the presence of beryllium Because of this affinity foi the 
fixed structures, beryllium injected into tissues or inhaled tends to remain locahzed 
After a dose is administered m either of these ways the animal may die from acute 
beryllium poisoning if enough beryllium escapes from the site of injection to 
overwhelm the hver In other cases the animal may die from the acute inflam- 
matory effects produced by the beryllium, as, for example, when a large dose is 
inhaled and a secondary pneumonia develops 

When beryllium ions are injected into the circulation, they attach themselves 
to plasma protem and not to the endothehal lining of the vessel walls The 
beryllium-protein complex is then removed from circulation by the hver, and by 
doing this the hver sows the seeds of its own destruction, for before it can exciete 
the beryllium, the latter has started to destroy the hepatic cells Where the dose 
is large enough destruction may proceed almost to completion, but it can be halted 
after the injection of sub lethal doses 

The exact nature of the change produced by beryllium on hver cells is unknown 
It interferes with some intimate cellular mechanism, and other cells, such as the 
lymphocytes of the spleen, are also killed by beryllium Vascular endothelium 
and neutrophil leucocytes appear to be more resistant to the action of beryllium 

Beryllium ions are poisonous to all living cells when brought mto intimate 
contact with them Their affinity for tissue protem and their insolubility in the 
presence of phosphate means that their toxicity to the whole ammal is detei mined 
to a very large extent by the route of their administration 


SUMMARY 

1 The lethal dose of beryllium injected intravenously mto rabbits, lats and mice 
as solutions of lomzed salts is 0 5 to 1 mg per kg (20 micromol ) 

2 Death takes place 1 to 3 days latei and is the lesult of acute hver neciosis 

3 Neither the toxic properties of the anionic component nor the acidity of the 
solutions of the beryllium salts are responsible for these deaths 

4 By histochenncal methods it is possible to see beryllium collecting in the 
liver sinusoids and initiating the necrotic changes 

5 Beryllium ions rapidly attach themselves to protein, and m tins form are 
carried to the hver after intravenous injection After subcutaneous injection, 
on the other hand, they tend to remain for long periods attached to tissue proteins 

6 Beryllium salts produce inflammatory changes m tissues after injection or 
inhalation, but as most of the beryllium is fixed to the tissues, death from livei 
necrosis only follow s the injection of very large doses 

We would like to express our thanks to Dr G L Millei, Chief Chemist of 
Murex, Ltd , for generous supplies of beryllium salts and for the care he gave to 
our special requirements 

We are giateful to Mr L C Thomas, Chemical Defence Experimental Establish- 
ment, Porton, and Dr A H Gillieson, Atomic Energy Research Establishment, 
Harwell, for the spectrograplnc determinations of ben lhum 
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Burn and Ling (1930) were the first workers to note the effect of injections 
of extracts of the anterior lobe of the pituitary m producmg a ketonuna in the 
rat Since that time much work has been done on various aspects of tins finding, 
but bttle on the effects of such extracts on liver metabolism. On evidence of an 
indirect nature, Colhp, Kutz, Long, Thomson, Toby and Selye (1935) and Mirsky 
(1936) have concluded that the ketogemc fraction of such extracts produces its 
effects by acting solely on the liver Shipley (1944) found that the addition of 
a crude extract of the anterior lobe to rat liver slices incubated in serum produced 
a 46 per cent and a 27 per cent increase m ketone body production m the case of 
the fed and fasted animal respectively No experiments appear to have been 
done prior to 1941 on the fivers of animals treated with such extracts Ln ers 
ot animals so treated are characterized by an intense deposition of fat and it 
thus seemed worthwhile to examine their metabolic behaviour 

* Tim communication forms part of a thesis submitted to the Unnersiti of Melbourne m 1943 
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EXPERIMENTAL 

Animals 

Well-fed male guinea-pigs of about 500 g body-weight were used throughout 
Anterior Pituitaiy Extracts 

Fresh beef anterior lobes were finely minced and ground noth saline at room 
temperature for one hour The extracts were then centrifuged and stored at 
+ 1° until required No extract was kept longer than two days The volume 
of the extract was so adjusted that 1 ml was equivalent to 0 5 g of fresh gland 

Animal h eatment 

All animals injected with anterior pituitary extract were given either 1 0 or 
3 0 ml subcutaneously over the dorsal region, and were sacrificed at varying 
time intervals after mjection 

Mamometnc and’ analytical techniques 

The methods followed were as described in an earlier communication (Ennor, 
1942) 

RESULTS 

The behaviour of livers from untreated guinea-pigs is illustrated b}^ the 
results in Table I 

These results have, for the most part, been published m the earlier communi- 
cation (Ennor, 1942), and are reproduced here for the purpose of comparison 
with those obtained in fatty livers, winch are given in Table II 


Table I —Oxygen Consumption and Acetoacetate Production in Livers 
of Noimal, Well-fed Guinea -pigs 


Liv er 
fat 
(g %) 

Control — no substrate 

A 


Sodium butyrate — 0 01 



M 

Qo 

Qac 

Qo, 

Q c 

r 

Qo 

Qnc 

Q o, 

Q c 

^ac 

5 4 

6 1 

0 2 

7 G 

0 2 

G 6 

1 6 

8 3 

2 0 

6 5 

5 0 

0 2 

6 7 

0 2 

7 4 

1 2 

9 9 

1 G 

5 3 

5 1 

0 1 

G 4 

0 1 

7 9 

1 4 

9 9 

1 8 

6 8 

3 7 

0 1 

5 0 

0 1 

6 2 

1 5 

8 2 

2 0 

6 5 

4 9 

0 1 

6 4 

0 1 

8 8 

2 7 

11 6 

3 G 

6 4 

3 9 

0 0 

4 7 

0 0 

7 8 

1 2 

9 5 

1 5 

6 5 

4 3 

0 2 

5 G 

0 3 

8 1 

1 8 

10 5 

2 4 

5 3 

6 G 

— 

8 3 

— 

11 6 

— 

14 5 

— 

S 2 

4 4 

0 0 

5 9 

0 0 





6 2 

G 3 

0 2 

8 0 

0 3 





6 6 

4 4 

0 0 

o 7 

0 0 





G 8 

4 6 

0 2 

6 2 

0 3 





G 9 

6 2 

0 0 

8 4 

0 0 






The quotients Q 0 and Q ne are defined respect nel>, as the number of c mm of O. and number 
of c mm CO. (arising from acetoacetate)/mg of dry weight of b\ er shee/hr 

The quotients and Q c ac are defined, respectively, as the number of c mm of O. and number 
nf r- mm CO. (arising from acetoacetate) /mg offal free dry weight of h\ er slice /hr 
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Table II — Oxygen Consumption and Acetoacetaie Production in Liteis fiom 
Guinea-pigs Treated with Antenoi Pitmtaiy Extiact (APE) 


Timo 

after 

rnjec 

Dose 

APE 

g 

Ln ci 


Control— 

-no substrate 

A. 

Sodium butyrate — 0 01 m 

A _ . 

tion 

fresli 

fftt 

( 



> 

r 



'v 

(lir ) 

gland 

(g %) 

Qo, 

Qnc 

Q°o, 

Q c 

^ac 

Qo 

%c 

Qo, 

Q c 

3 

1 5 

6 9 

4 4 

0 

5 7 

0 

10 7 

2 3 

13 7 

3 0 

3 

1 5 

4 7 

5 2 

0 3 

7 3 

0 4 

9 6 

1 9 

11 6 

2 3 

3 

1 5 

9 4 

3 4 

0 4 

4 S 

0 5 

7 0 

2 2 

10 4 

3 2 

4 

1 5 

7 5 

3 9 

0 1 

5 7 

0 2 

9 5 

2 5 

12 5 

3 3 

5 

1 5 

10 4 

5 8 

0 7 

8 6 

1 0 

9 5 

3 1 

14 3 

4 6 

5 

0 5 

8 1 

4 5 

0 2 

6 2 

0 3 





5 

0 5 

6 9 

3 7 

0 1 

4 9 

0 2 





10 

0 5 

7 4 

5 4 

0 4 

7 2 

0 5 

ii o 

3 1 

15 4 

4 1 

11 

0 5 

15 5 

4 6 

0 4 

9 2 

0 7 

9 7 

2 5 

19 4 

5 0 

11 

1 5 

10 3 

4 3 

0 2 

6 3 

0 3 

S 2 

2 1 

12 1 

3 1 

11 

1 5 

12 4 

3 8 

0 1 

6 7 

0 1 

6 6 

1 8 

10 4 

2 8 

11 

1 5 

7 0 

4 6 

0 4 

6 1 

0 5 

10 4 

2 9 

14 0 

3 8 

17 

0 5 

9 1 

5 7 

0 2 

7 S 

0 3 





18 

1 5 

19 7 

3 4 

— 

7 4 

— 

6 9 

3 1 

15 0 

G 7 

19 

1 5 

13 3 

5 4 

0 5 

9 0 

0 9 

8 2 

2 3 

13 6 

3 8 

24 

1 5 

19 9 

4 2 

0 3 

9 5 

0 6 

6 4 

1 6 

12 8 

3 1 

24 

1 5 

20 0 

4 5 

0 3 

8 8 

0 6 

7 1 

2 1 

13 7 

4 0 

24 

1 5 

15 0 

4 9 

0 4 

8 4 

0 7 

7 0 

2 0 

13 5 

3 5 

12 

1 5 

13 2 

5 4 

0 8 

9 0 

1 4 

8 G 

2 2 

14 3 

3 7 

In the absence of added substrate 

(Table II) there 

is no 

obvious departure 

from normality 

as far as the Qn. values are concerned 

The Q 

ar values, howevei, 


snow a definite mciease over tfie comparable figures rrom rame 1 "uuu was 
results calculated on thy basis of fat-free dry weight are considered, there is 
evidence of an increase m the.Q^, whilst the Q° c values are, of course, inci eased 
to a still greater degree 

Unfortunately the experiments earned out at each time interval are not 
sufficiently numerous to estabhsh the sequence of events within the liver in 
relation to time Broadly, however, it may be said that the effects of anterior 
pituitary extract are detectable three hours after injection Although the fat 
content is not unequivocally changed, the Q° c values are definitely in excess o 
normal This result would seem to suggest that the first effect of the anterior 
pituitary extract is to increase the rate of ketogenesis, and thus to lend suppo 
to Shipley’s (1944) conclusion {of Best and Campbell (1938)) As the time 
interval between injection and sacrifice is increased, the effect of antenoi pi ui ari 
extract on fiver fat and Q c 0 and Q° 0 becomes more pronounced Consistent j 
maximal figures for these are to be seen at the 24-hour interim], which uas the 

XntSL » the behaviour of the hvers 
Table II in their reactions towards added substrate iese , . / ex pre« c ed 

apparent in Table III, where the difference between the J}" 0 * 1 ® ac e t0 acetate 
on a fat-free dry weight basis) for the oxygen consumption ^ acetoace 
production m the absence and presence of added substiate is shov 
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Ammals 


EXPERIMENTAL 


Well-fed male guinea- pigs of about 500 g body -weight were used throughout 


Anterior Pituitary Extracts 

Fresh beef anterior lobes were finely minced and ground -oath saline at room 
temperature for one hour The extracts were then centrifuged and stored at 
+ 1° until required No extract was kept longer than turn days The volume 
of the extract was so adjusted that 1 ml was equivalent to 0 5 g of fresh gland 


Animal tieatment 

All ammals injected with anterior pituitary extract were given either 1 0 or 
3 0 ml subcutaneously over the dorsal region, and were sacrificed at varying 
time intervals after injection 


Manometnc and analytical techniques 

The methods followed were as described m an earliei communication (Ennoi, 
1942) 

RESULTS 

The behaviour of livers from untreated guinea-pigs is illustrated by the 
results m Table I 

These results have, for the most part, been published m the earlier communi- 
cation (Ennor, 1942), and are reproduced here for the pm pose of comparison 
with those obtained in fatty livers, which are given in Table II 


Table I — Oxygen Consumjdion and’ Acetoacetate Production in Livers 
of Normal, Well-fed Guinea-pigs 

. Control — no substrate Sodium butyrate — 0 01 M 


(g %) 

Q, 

o. 

Qnc 

Q c o, 

q; 

c 

nc 

Q< 

0= 

Q. 

1C 

Qo. 

Q c 

5 

4 

G 

1 

0 

2 

7 

G 

0 

2 

G 

G 

i 

G 

8 

3 

2 

a 

G 

5 

5 

0 

0 

2 

G 

7 

0 

2 

7 

4 

l 

2 

9 

9 

1 

G 

5 

3 

5 

1 

0 

1 

6 

4 

0 

1 

7 

9 

l 

4 

9 

9 

1 

s 

6 

S 

3 

r» 

i 

0 

1 

5 

0 

0 

1 

6 

2 

l 

5 

8 

2 

2 

0 

6 

5 

4 

9 

0 

1 

G 

4 

0 

1 

8 

8 

2 

7 

11 

G 

3 

G 

6 

4 

3 

9 

0 

0 

4 

7 

0 

0 

7 

S 

1 

2 

9 

5 

1 

5 

G 

5 

4 

3 

0 

2 

5 

6 

0 

3 

8 

1 

1 

8 

10 

5 

2 

4 

5 

3 

6 

G 

- 

— 

S 

3 

- 

— 

11 

G 

- 

— 

14 

5 

- 

— 

S 

2 

4 

4 

0 

0 

5 

9 

0 

0 









6 

2 

6 

3 

0 

2 

S 

0 

0 

3 









6 

6 

4 

4 

0 

0 

5 

7 

0 

0 









G 

S 

4 

6 

0 

2 

6 

2 

0 

3 









6 

9 

6 

2 

0 

0 

8 

4 

0 

0 










The quotients Q 0j and Q ac are defined, respectively, as the number of c mm of O. and number 
of cjmra CO. (arising from acetoacetate) /mg of dry weight of In or slice/lir 

The quotients Q c 0 and Q* c are defined, respectively , as the number of c mm of O. and number 
of cjnm CO. (arising* from acetoacetate) /mg of/af /ree dry weight of In er shco/hr 
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Table II — Oxygen Consumption and Acetoacetaie Production m Livers from 
Guinea-pigs Treated with Antenoi Pitmtaiy Extract [APE) 


Time Dose 


after 

injec- 

APE 

g 

Ln er 


Control- 

-no substrate 

A _ _ _ _ 


Sodium butyrate- 

A 

—0 01 M 


tion 

fresh 

fat 

r~ 








• 







1 

(lu) 

gland 

(g %) 

% 

a 

Qac 


Q c 

*ac 

Qo, 

Q, 

ac 

% 


q; 

IC 

3 

1 5 

6 9 

4 

4 

0 


5 

7 

0 


10 7 

2 

3 

13 

7 

3 

0 

3 

1 5 

4 7 

5 

2 

0 

3 

7 

3 

0 

4 

9 

6 

1 

9 

11 

6 

2 

3 

3 

1 5 

9 4 

3 

4 

0 

4 

4 

8 

0 

5 

7 

0 

2 

2 

10 

4 

3 

2 

4 

1 5 

7 5 

3 

9 

0 

1 

5 

7 

0 

2 

9 

5 

2 

5 

12 

5 

3 

3 

5 

1 5 

10 4 

5 

8 

0 

7 

8 

6 

1 

0 

9 

5 

3 

1 

14 

3 

4 

6 

5 

0 5 

8 1 

4 

5 

0 

2 

6 

2 

0 

3 









5 

0 5 

6 9 

3 

7 

0 

1 

4 

9 

0 

2 

ii 








10 

0 5 

7 4 

5 

4 

0 

4 

7 

2 

0 

5 

6 

3 

1 

15 

4 

4 

1 

11 

0 5 

15 5 

4 

6 

0 

4 

9 

2 

0 

7 

9 

7 

2 

5 

19 

4 

5 

0 

11 

1 5 

10 3 

4 

3 

0 

2 

6 

3 

0 

3 

8 

2 

2 

1 

12 

1 

3 

1 

11 

1 5 

12 4 

3 

S 

0 

1 

6 

7 

0 

1 

6 

6 

1 

8 

10 

4 

2 

8 

11 

1 5 

7 0 

4 

6 

0 

4 

6 

1 

0 

5 

10 

4 

2 

9 

14 

0 

3 

S 

17 

0 5 

9 1 

5 

7 

0 

2 

7 

8 

0 

3 









18 

1 5 

19 7 

3 

4 

- 

— 

7 

4 

- 

— 

6 

9 

3 

1 

15 

0 

6 

7 

19 

1 5 

13 3 

5 

4 

0 

5 

9 

0 

0 

9 

8 

2 

2 

3 

13 

6 

3 

8 

24 

1 5 

19 9 

4 

2 

0 

3 

9 

5 

0 

6 

6 

4 

1 

6 

12 

8 

3 

1 

24 

1 5 

20 0 

4 

5 

0 

3 

8 

8 

0 

6 

7 

1 

2 

1 

13 

7 

4 

0 

24 

1 5 

15 0 

4 

9 

0 

4 

8 

4 

0 

7 

7 

0 

2 

0 

13 

5 

3 

5 

32 

1 5 

13 2 

5 

4 

0 

8 

9 

0 

1 

4 

8 

6 

2 

2 

14 

3 

3 

7 


In the absence of added substrate (Table II) there is no obvious departure 
from normality as far as the Q 0j values are concerned The Q ac values, however, 
show a definite increase over the comparable figures from Table I When the 
results calculated on the basis of fat-free dry weight are considered, there is 
evidence of an increase m the .Qo , , whilst the Q® c values are, of course, mcreased 
to a still greater degree 

Unfortunately the experiments earned out at each time interval are not 
sufficiently numerous to establish the sequence of events within the hver in 
relation to time Broadly, however, it may be said that the effects of antenor 
pituitary extract are detectable three hours after injection Although the fat 
content is not unequivocally changed, the Q° 0 values are definitely m excess of 
normal This result would seem to suggest that the first effect of the anterior 
pituitary extract is to increase the rate of ketogenesis, and thus to lend support 
to Shipley’s (1944) conclusion (cf Best and Campbell (1938)) As the time 
interval between injection and sacrifice is mcreased, the effect of anterior pituitary 
extract on hver fat and Q^ = and QJj c becomes more pronounced Consistently 
maximal figures for these are to be seen at the 24-hour interval, which w as the 
longest period investigated 

There is also a difference m the behaviour of the fivers from Table I and 
Table II m their reactions towards added substrate These differences become 
apparent m Table III, where the difference between the quotients (expressed 
on a fat-free dry weight basis) for the oxygen consumption and acetoacetate 
production m the absence and presence of added substrate is shown 
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Table III Increments %n Oxygen Consumption and Acetoacetate Production in 
Livers from Normal and Antenoi Pituitary Extract-treated Guinea-pigs arising 
as a Result of Added Substiate d 

Treated with anterior 

Normal pituitary extract 


*Q c o,* 

A QZct 

*Q c o, * 

aQ° 

^ac 

0 7 

1 8 

8 0 

3 0 

3 2 

1 4 

4 3 

1 9 

3 5 

1 7 

5 6 

2 7 

3 2 

1 9 

6 8 

3 1 

5 2 

3 5 

5 7 

3 6 

4 8 

1 5 

8 2 

3 6 

4 9 , 

2 1 

10 2 

4 3 

6 2 

• — 

5 8 

2 8 



3 7 

2 7 



7 9 

3 3 



7 6 

. 



4 6 

2 9 



3 3 

2 5 



4 9 

3 4 



5 1 

2 8 



5 3 

2 3 


* aQq^ = Q% m presence of 0 01 m sodium butyrate — Q% m absenco of substrato 
t A Qnc ~ Qnc ln P resence of 0 01 m sodium butyrate — Q° c in absence of substrate 

There is evidence that, m the presence of 0 01 M sodium butyrate, the hvers 
from the pituitary-treated ammals show a greater oxygen uptake and a greater 
acetoacetate production than do the hvers from the untreated animals 

In viev of the general similarity of behaviour of the fatty hvei arising from 
treatment v ith anterior pituitary extract to that following poisoning with caibon 
tetrachloride, it is of interest to compare the mean quotient values for oxygen 
consumption and acetoacetate pioduction obtained from normal anterior pituitary 
extract-treated, and carbon tatrachlonde-treated animals Table IV illustrates 
the results obtained 


Table IV — Mean Values for Quotient Obtained from Livers of Normal Anterior 
Pituitary Extract and CCl^-treated Guinea-pigs in the Absence of Added 
Substrate 


Normal 

Anterior pituitary extract (> 10% fat) 
CC1 4 (> 10% fat) 



Qae 

Q o, 

Q c 

5 0 

0 1 

G 5 

0 1 

4 G 

0 4 

8 3 

0 7 

6 1 

0 3 

11 5 

0 G 


In this table the mean figure for the normal values has been calculated from 
the figures given in Table I, and that for anterior pituitary extract-treated 
animals from Table II In the latter case, only those values obtained v ith 
hvers with more than 10 per cent of fat have been selected for calculation of the 
means The results for the carbon tetrachloride hvers have been taken from 
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Tables II and III in a previous publication of the author (Ennor, 1942), and here 
again only the figures from those animals whose livers contamed more than 
10 per cent of fat have been included m the calculation of the means This 
selection of results has been made to ensuie that only those livers with fat content 
definitely m excess of the normal upper limit are included foi comparison 

As far as the Q 0 means are concerned, the values for the normal and the 
anterior pituitary extract-treated hvers are substantially the same, and smce 
these figures are based on the dry weight of the liver shces, it is cleai that, as the 
fat content of the anterior pituitary extract hvers is m excess of 10 per cent, 
the actual respiring tissue must be utilizing more oxygen than is the case m the 
normal liver This is substantiated by the Qq figures, which show that the 
anterior pituitary extract-treated hveis have a definitely higher oxygen con- 
sumption In the case of those hvers from animals treated with carbon tetra- 
chloride, the oxygen consumption is mcreased irrespective of the method of 
calculation Similar remarks may be apphed to the acetoacetate production 
from both types of fatty hvers It is therefore concluded that an influx of fat 
into the hver, due either to treatment with carbon tetrachloride or anterior 
pituitary extract is followed by an mcrease m the oxygen consumption and the 
acetoacetate production There does, however appear to be a difference between 
the behaviours of these two types of fatty hver It will be noted from Table IV 
that these hvers have very nearly the same capacity for production of ketones, 
but that there seems to be a real difference in their ability to consume oxygen 
Thus, the hvers from the animals treated with anterior pituitary extract consume 
only two-thirds of the oxygen that is consumed by the hvers from animals treated 
with carbon tetrachloride 


DISCUSSION 

The results of this investigation are of interest, particularly m view of the 
recent work of Campbell and Davidson (1949) These workers have also observed 
the increase m oxygen consumption and acetoacetate production of the hvers 
from animals injected with anterior pituitary extract They concluded that 
there was evidence of a pituitary factor which caused enhanced activity of the 
fat metabolizing centres Such a conclusion is m agreement with the results 
reported here, smce there is evidence that the pituitary fatty hver responds to 
added substrate by consuming more oxygen and producing moie acetoacetate 
than does the normal hver 

Oxygen is necessary for the oxidation of fat, and if this is being oxidized 
rapidly and in amounts greater than normal, as is indicated by the high Q£ c 
values m all animals having fatty hvers, then oxygen is necessary in amounts 
greater than normal m proportion to the amounts of ketone bodies being produced 
This generalization agrees with the conditions existing in the livers of animals 
tieated with anterior pituitary extract and with carbon tetrachloride It is 
only when the results obtained with these types of fatty hvers aie compared 
that a diffeience in the degree of response is obvious In the case of those ammals 
treated with anterior pituitary extract, the mcrease m oxygen uptake is not of 
the same magnitude as in the case of the carbon tetrachloride fatty liver, though 
the acetoacetate production is comparable Smce the 0 x 3 gen uptake is equal 
to the sum of the oxygen necessary foi the oxidation of fat, plus that necessary 
foi the oxidation of other substrates, it would seem that, m the case of the pitui- 
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tary fatty liver, the extra amount of oxygen necessary for the oxidation of fat is 
obtained -at the expense of that necessary for the oxidation of other substiates 
The net result is that oxygen is made available for the oxidation of fat -without 
a marked increase m the total uptake being apparent Such an hypothesis 
suggests that the anterior pituitary extract, in addition to pioducmg an increase 
m hver fat, may also inhibit other enzyme mechanisms dependent upon oxygen 
There is no indication from the present work as to what, if any, mechanisms aie 
inhibited, but that inhibition is possible is suggested by the woik of Colon lck, 
Cori and Slem (1947) On the other hand, it is possible that the difference may 
be due to an overall increase m metabohsm from carbon tetiachlonde-tieated 
animals It is hoped that woik at present in progress m this laboratory may give 
further mformation on this problem 

SUMMARY 

1 The effects of injections of crude extiacts of the anterior pituitary gland 
on the hver metabohsm of the guinea-pig have been investigated 

2 Associated with the increase m hver fat of animals so treated, there is an 
increase in the oxygen consumption and acetoacetate production 

3 Comparison of the lesults with those obtained in the fatty hvei followmg 
treatment with carbon tetrachloride indicates a difference m response which may 
be due to an inhibitory influence of the extracts on oxidative processes othei than 
those concerned with fat metabohsm 

The expenses of this work were defrayed by a grant from the Australian 
National Health and Medical Research Council, and the nork v as earned out 
at the Baker Institute of Medical Reseaich, Alfred Hospital, Melbourne 
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It was noted by Best and Campbell (1938) that the injection of extracts of 
the anterior lobe of the pituitary gland into guinea-pigs was followed by a marked 
nse in liver fat m the first 24 hours It was also noted that a farther nse, although 
less marked, occurred m the next 24-hour period, but on the third day the hver 
fat actually decreased m spite of contmued injection of the extract No explana- 
tion of this finding was offered by these workers, and it occurred to the present 
authors that these experiments bore a close analogy to those which were described 
m a communication dealing with the action of antidiabetogemc sera (Ennor and 
Singer, 1941) It was thought that the probable explanation of Best and Camp- 
bell’s findings was that the animals had developed antibodies to the fat-producmg 
factor, and that, after the initial accumulation of fat had been oxidized or other- 
wise removed, the antibody reaction was sufficiently great to negate the activity 
of the extract 

This communication gives the results of investigations into this hypothesis 

EXPERDEENTAXi 

Anterior pituitary extracts 

All extracts used were prepared as described by Ennor (1949) 

Preparation of anti-serum 

Adult English hutch rabbits were used throughout Each animal was given 
an intravenous injection of 1 ml of the anterior pituitary extract daily for the 
first three days, and thereafter 1 ml on every third day until such time as the 
antibody titre was considered sufficiently high The animals were then bled 
with aseptic precautions, and after clotting the serum was separated and stored 
at + 1° for use The titre of the serum was tested by complement fixation with 
anterior pituitary extract diluted 1/10, and at the time of use was 1/320 Prior 
to injection, antibodies specific to ox serum proteins were removed by precipi- 
tation with ox serum 

Manomeiric and- analytical techniques 

The methods followed were as described m an earher communication (Ennor, 
1942) 

* This communication forms part of a thesis submitted by one of us (A H E ) to tho Umieroitj 
of Melbourne in 1943 

27 
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Animals 

Well-fed male guinea-pigs of about 600 g body -weight were used throughout 

* 

RESULTS 

Control senes 

Several control experiments were carried out to determine the effect of normal 
rabbit serum and immune serum In the case of those animals receiving serum, 
6 0 ml were administered mtrapentoneally 18 hours before sacrifice Such 
injections apparently exert no influence either on the fat content or on the 
reaction towards added substrate (Table I) 


Table I — Oxygen Consumption and Acetoacetate Production of Livers from Omnea- 
pigs Untreated and Treated until Normal Serum and Immune Serum 



Control — no 



substrate 

Na butyrate — 0 01 

_ _ A 

SI 

JljIVOT I fit f 

(g %) 

< 4 - 

Q c * 

^nc 

qc * 

'*0. 


^nc 

Normal controls 

5 4 

6 8 

0 2 

13 2 


3 1 

6 4 

4 7 

0 

9 6 


1 5 

5 7 

7 4 

0 2 

12 S 


3 6 

Normal serum controls 

5 4 

6 8 

0 1 

11 1 


2 7 

6 8 

8 2 

0 

— 


— 

4 5 

8 0 

0 

12 1 


3 2 

Immune serum controls 

6 0 8 0 

0 5 

14 4 


3 7 

3 4 

6 6 

0 2 

13 1 


3 1 


* The quotients Qq and Q° e are defined, respectively, as the number of c mm of O. and number 
of c mm CO. (arising from acetoacetate) /mg of fat free dry weight of h\ or slice/hr 


Anterior pituitary extract treated series 

Here the animals were given a single subcutaneous injection of anterior 
pituitary extract which was equivalent to 1 5 g of fresh gland In the case of 
ammals receiving serum m addition to the anterior pituitary extract, tlus vas 
given S hours prior to the extract The ammals were then sacrificed as before, 
making a total of 18 hours’ survival after injection of serum 

The results are shown m Table II, where “ absorbed serum ” refers to immune 
serum from winch antibodies were removed by absorption -with anterior pituitary 
extract before injection As is well known, the injection of anterior pituitary 
extract is followed by an increase m liver fat, and this is uninfluenced by the 
injection of normal serum pnor to the anterior pituitary extract The metabolic 
behaviour of the livers from the two groups is similar If, hoc ever, immune 
serum is substituted for normal serum, the injection of anterior pituitary extract 
does not result in any change of the liver fat content , complete protection is 
thus afforded The oxygen consumption appears to be rather larger than normal, 
and the acetoacetate production definitely so An explanation of this effect 
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Table II — Oxygen Consumption and Acetoacetate Production of Livers from 
Guinea-pigs Treated with Anterior Pituitary Extract and Anterior Pituitary 
Extract + Serum 



Control — no 

X 

substrate 

Na butyrate — 0 01 m 

A 

Liver fat 

r 


t 



(g %) 

Q°o,* 

Q c * 

^ac. 

Q°o/ 


Q° * 
^ac 

Anterior pituitary extract only 





15 4 

9 2 

0 7 

19 4 


5 0 

10 3 

6 3 

0 3 

12 1 


3 1 

Anterior pituitary extract -j- normal serum 




11 9 

8 6 

0 1 

11 1 


2 7 

10 6 

7 6 

0 4 

12 1 


2 3 

Anterior pituitary extract -j- immune serum 




6 3 

6 4 

0 2 




6 3 

7 0 

0 3 




6 0 

6 9 

0 4 

12 4 


3 0 

6 7 

6 6 

0 3 

13 0 


3 4 

6 5 

6 8 

0 2 

12 7 


2 8 

7 0 

8 4 

0 6 

13 7 


3 8 

Anterior pituitary extract -f- absorbed serum 




13 2 

11 1 

— 

11 3 


3 1 


* The quotients Q®* and Q“ c are defined, respectively, as the number of c.mm of O s and number 
of c.mm CO, (arising from acetoacetate) /mg of fat free dry weight of liver shce/hr 


will have to await further work on the problem The single experiment at the 
foot of Table II indicates that the protection gamed by the prior injection of 
immune serum is completely lost if the serum is absorbed with crude extract 
before injection 

SUMMARY 

It is possible to inhibit the transference of fat from body depots to the liver, 
which follows subcutaneous injection of anterior pituitary extract m g uin ea-pigs, 
by prior administration of immune serum 

Part of the expenses of this work was defrayed by a grant from the Australian 
National Health and Medical Research Council to one of us (A H E ), and the 
work was earned out at the Baker Institute of Medical Research, Alfred Hospital, 
Melbourne 
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Gardner and Chain (1942) described some of the properties of a basic anti- 
biotic produced by a chance contaminant on an agai plate The organism was 
identified as a Proactinomyces by Waksman, and it was given the name Proachno- 
niyces ( Nocardia ) gardnen The antibiotic was called proactinomycin 

McKegney and Kent (unpublished, 1945) found that in surface culture the 
best yield of the antibiotic was obtained when the organism was grown on a 
potato dextrose medium containing 0 25 per cent agar The extraction process 
of Gardner and Cham, winch utilized the fact that the free base was more soluble 
than its salts in organic solvents, was modified by Abraham and Kent (unpublished, 

1945) for large scale work 

The crude product was purified by partition between dilute hydrochloric acid 
and butyl alcohol-benzene mixtures on a silica gel column (Philpot, unpublished, 

1 946) No mhomogeneity was detected in the product obtained ftom the column 

Gardner and Chain found that the active substance could be precipitated 

from aqueous solution by base preeipitants such as picnc acid, picrolomc acid, 
flavianic acid, Remicke acid and hehanthic acid The free base was slightly 
soluble in water and soluble m alcohol, acetone, ether, chloroform and benzene, 
and its salts with mineral acids were soluble m water, alcohol and acetone Pro- 
actinomycm was stable m aqueous solution between pH 2 and 8, but was inacti- 
vated at room temperature at a pH greater than 1 0, or by boiling at pH 2 Plnlpot 
(unpublished, 1946) detected one titratable group with an approximate pK of 9 
On mild treatment of proactinomycin with alkali she obtained (1) dimethylamine, 
(2) a base with an empirical formula CigHogNOg, and (3) a neutral fraction with 
empirical formula C 6 Hg0 2 from which an osazone could be obtained 

Heatley (unpublished, 1948) demonstrated m tv o counter-current distribution 
experiments that the product used in previous experiments was composed of 
at least three antibacterial components This discovery prompted a remvesti- 
gation of the properties of proactinomycin 

EXPERIMENTAL 

P> eduction of material 

An attempt vas made to select a high-yielding strain of the organism, and 
11 single-spore isolates were tested by the cross streak method against Staph 
aureus No significant difference m the dimensions of the inhibitory zones vas 
noted 

Stationary culture — Part of the proactinomycin for these experiments was 
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prepared by the method of McKegney and Kent (unpublished, 1945) in rectar 
gular ceramic vessels holding about 1 litre (Abraham, Cham, Fletcher, Florey 
Gardner, Heatley and Jennings, 1941) which were incubated at 24° C for 9 day! 
at which time maximum activity was present, as measured by the cylinder-plat 
assay with Staph aureus as the test organism (Heatley, 1944) The pH of th 
medium remained between 6 8 and 7 2, and the slight inconsistent changes m i 
could not be correlated with the level of activity The medium was harvester 
after 9 days and squeezed through muslin or lint to remove the mycelium an 
break up the agar into small pieces 

Deep culture — A preliminary experiment showed that maximum antibacteria 
activity was produced m aerated culture after a shorter period of incubation thai 
was necessary for stationary cultures, although the final level obtained by eithe 
method was approximately the same The medium was the same as that use< 
for stationary culture except that no agar was mcluded 

Some proactinomycin was prepared in 10~litre bottles set up as described b; 
Stansly, Schlosser, Ananenko and Cook (1948), air being passed through at th 
rate of 1 htre per htre of medium per minute The material was harvested afte 
5 to 7 days and yielded approximately the same quantity of crude active matena 
as was obtained by the stationary culture method, l e about 80 mg per htre 

Extraction and concentration 

The extraction and concentration process used was that of Abraham am 
Kent (unpublished, 1945) 

“ The liquid was brought to pH 10, then shaken with an equal volum 
of amyl acetate After settling, the amyl acetate was removed and shakei 
with three-tenths of its volume of acetate buffer at pH 4 The aqueoui 
extract was brought to pH 10 and was again shaken three times with one 
third of its volume of amyl acetate which was then concentrated bj 
distillation in vacuo to one-sixth of its volume This concentrate wai 
shaken three times with one-tenth of its volume of water, the pH of whicl 
was maintained at about 4 by the addition of HC1 After concentratior 
by vacuum distillation, the watery extract was dried by the lyophi 
process ” 

Separation of active substances 

The counter-current distribution method developed by Craig and others was 
used to separate and characterize three antibactenally active substances from 
the crude product The procedure and theory of this method had been fully 
discussed in several papers (Craig, 1943, 1944 , Craig, Golwmbie, Mighton and 
Titus, 1945 , Williamson and Craig, 1947 , Barry, Sato and Craig, 1948), and the} 1- 
will not be considered here except in so far as required to make clear procedures 
which have been used and interpretations which have been made during the course 
of tins work A total of 25 counter- current distributions were performed 

The separation of a mixture of substances by the counter-current method 
depends on the relative distribution of the components between two immiscible 
liquids The advantages of using a system m which the substance to be investi- 
gated is equally or nearly equally distributed between the two layers have been 
stressed by Craig and others A satisfactory partition of the active principles 
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of proactinomycin between diethyl ether and m/2 phosphate buffer was easily 
accomplished In the early procedures a mixture of Na 2 HP0 4 and KH,P0 4 
were used, but later K 2 HP0 4 was substituted for the Na salt because the latter 
tended to crystallize 

Eight tube distributions — These were earned out m 600 ml separating f unn els, 
numbered 0 to 8 The two phases consisted of 200 ml quantities of mutually 
saturated ether and buffer, the lower layer being transferred Equihbnum 
between the two phases was ensured by 100 inversions at each step At the end 
of the distnbution the solute in each funnel was completely transferred to the 
ether layer by adjusting the pH to 10 with 40 per cent NaOH and adding enough 
NaCl to give a saturated aqueous solution The volume of each ether layer was 
then adjusted to 200 ml and transferred to a numbered bottle 

Aliquots of the ether solutions were used for dry weight and activity detei- 
nunations For dry weight determinations one of two types of container was 
used, depending on the volume of the ahquot For 1 or 2 ml aliquots, small 
aluminium cups weighing from 1 0 to 1 2 g were used The lightest cup in the 
group was used as a counterpoise For larger ahquots thin glass tubes were used, 
and with these the ether was evaporated by placing the tubes under a stream of 
air The cups or tubes were then dried to constant weight m vacuo over P 2 0 6 
The total weight of the solute m the system was determined by totalling the dry 
weights per funnel and this was used m calculating the percentages shown on 
the graphs The weighing error was estimated as ± 0 1 mg The weight of 
the ahquot taken from the peak tube in most procedures exceeded the estimated 
error at least 40-50 times, and m one (Fig 6) 150 times 

Assays of antibiotic activity were earned out by shaking an ahquot of each 
ether solution with m/15 phosphate buffer, pH 7 0, and evaporating the ether 
The buffer extracts were assayed by the cylinder-plate method and the percentage 
of the total activity m each determined by a companson of the zones of inhibition 
with those of an ahquot of the starting solution, suitably diluted and assayed on 
the same plates (In some cases, when only a rough determination of the activity 
was desired, filter paper discs cut with a cork borer v ere dipped m the ether 
solutions for the count of 5, dned by waving m the air for the count of 15, and 
placed on seeded plates (Sherwood, Falco, and de Beer, 1944) ) 

Tuenty-four tube procedures — Twenty-four tube distributions were carried 
out m an apparatus constructed at the Rockefeller Institute for Medical Research 
which is similar to that described by Craig (1944) except that it contains 25 tubes 
instead of the 20 of the earlier model A small electric motor rotated the apparatus 
at the rate of 20 r p m , 50 revolutions (counted on a bicycle cyclometer) being 
used for each mixing, with a 5-mmute period for the separation of the two layers 
before the next transfer 

After completion of the 24 transfers the threaded metal plug in the top section 
of the apparatus was replaced by a cork earning a short length of glass tubing 
By inverting the apparatus the contents of any tube could be emptied through 
this directly into a bottle with only a small loss of material The organic solute 
in each tube was extracted into the ether layer by the addition of 40 per cent 
NaOH until the pH of the vatery phase was 10 The layers were separated m 
a 20 ml separating funnel and the buffer shaken with fresh ether The two ether 
extracts were combined and the volume made up to 15 ml Dry weight and 
actmtv determinations were earned out as m the 8-tube procedure 
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RESULTS 

Gardner and Cham (1942) suggested that should additional substan 
s imilar origin to proactinomyoin he discovered “ this agent herein describe 
be called Proactinomycin 1, the next Proactinomycin 2, and so on 55 1 
substances investigated in this paper are active components of this supp 
smgle agent, they have been termed proactinomycin A, proactmomycm ' 
proactinomycin C until their chemical structure is known An inspect 
preliminary results suggested that the substance with the highest pa 
coefficient (hereafter called proactmomycm C or Pa 0) might prove to be a 
active substance and should he relatively easily separated The separai 
the components of the broad mixture m the centre of the curve was expec 
offer some difficulties The general plan adopted was to subject a sam 
crude proactmomycm to an 8-tube funnel procedure and then to carry 



Fig 1 — (8 tube funnel distribution, lower phase moving) pH of buffer, 7 0 The matei 
used in this distribution was obtained from an aerated culture The activity curve she 
that at least two active substances were present m the starting material as two peaks i 
present, 1 e at Tube 1 and Tube 6 Furthermore, the portion of the curve from Tubes 5 
could only be explained by assuming the presence of at least two active substances in so 
of these tubes An attempt was therefore made to determine theoretical curves for t 
substances which, when summed, would coincide with the dry weight curve over th 
tubes 

The theoretical curves were derived as follows Cun e A is a cun o expanded from t 
percentage of material m T, for a homogeneous substance having a K x blue of 0 55 The c 
culated experimental K for T s -T ? is 0 534, and for T — T s is 0 575 Curve B is a theoreti 
curvo (K — 1 3) best fitting the points obtained by subtracting Curve A from the c 
woight cun eatTjtoT, On the basis of these curves the start mg material would lia\ e be 
composed of 50 per cent of A and about 30 per cent of B 

This interpretation is meant to bo only approximate (note divergence in tlieorctu 
and dry weight curves at T,), but Fig 2 and 3 prox e that it is x ery ncarlv correct 

• Experimental - - - A’*"’ Activity 

Theoretical X Experimental minus “A ” 
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24-tube pioeedure on selected fractions nch in the substance having the lowest 
partition coefficient (termed practinomycm A or Pa A) A second 24-tube 
procedure would then be carried out on a mixture of substance Pa C and the 
substance proactinomycin B (or Pa B), having a partition coefficient intermediate 
between Pa A and Pa C Pig 1, 2 and 3 show the results of this approach on 
a sample of powder obtamed from an aerated culture It will be noted that the 
pH of the buffer m each procedure was chosen so that the best separation might 
be gamed In general, with the crude material the pH was 7 0, with Pa A 7 2, 
with Pa B or mixtures of Pa B and Pa C 6 8, and with Pa C alone 6 5 The results 
shown m Fig 1, 2 and 3 were encouraging, but other batches of material were not 
so satisfactory as they contained a larger percentage of mactive impurities , 



Fig 2 — (24 tube machine distribution) pH of buffer, 0 5 The material used m this 
procedure was obtamed by pooling the ether extracts from T 0 , T, and T. of Fig 1 with a small 
amount of material rich m Pa C obtamed from previous 24 tube procedures The pooled 
extracts were concentrated bv i acuum distillation and water removed by freezmg with 
a mixture of solid CO. and alcohol The partition coefficient of the mixture of active 
substances was determined experimentally and found to be approximately 1 when the 
pH of the buffer was C 6 In later procedures a shghtly higher pH was used (pH 0 8) for 
mixtures of Pa B and Pa C so as to shift the curve shghtly to the right 

The activity curv e (not shown here) followed the theoretical cur\ es very closoly, there 
being no indication m this or any other distribution of any active substance m addition 
to the tliree under investigation A relatn oly small amount of mactivo impurity is present 
between Pa B and Pa C (Compare with Fig 4 ) 

• Experimental - --- - Theoretical 


one of these was especially difficult to deal with as it exhibited a partition 
coefficient between that of Pa B and Pa C The reason for this difference between 
different batches is not definitely known 

The graphs given m Fig 1 to 6 have been selected from the 25 runs made 
to illustrate most clearly the land of results obtamed and the procedure adopted 
m certain cases 
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Isolation of Proactinomycin A, B and G 

Proactinomycin A — As already stated (Fig 3), homogeneous or nearly homo- 
geneous Pa A could he crystallized readily from a concentrated wet ether solution 
The crystals formed as short, thick plates or short pnsms Recrystalhzation 
attempts with any of the solvent mixtures tried (ether or 40°-60° petroleum 
ether with chloroform, alcohol or acetone) were unsuccessful However, crystals 
with a melting pomt of 168-169° C (from T 0 , Fig 6) could be obtained from 
crystals contaminated with a small amount of impurity by first washing with 
ether, then dissolving the crystals in a small quantity of chloroform and adding 
ether to the chloroform solution After melting pomt determinations, crystals 
* of Pa A recrystalhzed on cooling Attempts to crystallize Pa A from very impure 
solutions were not successful 



Fig 3 — (24 tube machine distribution) pH of buffer, 7 2 The material used m this 
procedure was obtained from T s , T. and T„ of Fig 1, to winch was added a small 
amount of other material rich in Pa A from previous distributions The ether solution 
was concentrated and the water removed as described under Fig 2 This concentrated 
solution was left in the refrigerator overnight Next morning many “ button hke ” groups 
of crystals (INI P 165—167° G ) were present on the sides of the vessel The mother liquor 
ga\ e the distribution shown in this curve 

An aliquot of the ether solution from T I1( evaporated quickly under reduced pressure, 
yielded a clear, colourless, sticky oil which hardened on drying o\er P.0 6 When a small 
amount of ether was added to the tube containing this oil, the fluid immediately became 
turbid, and in a few minutes crystals could be detected These crystals were solublo m 
chloroform, acetone, alcohol and dilute acid, only slightly soluble in ether and light petroleum 
ether, and insoluble in water and dilute alkali The melting pomt on the hot stage micro 
melting point apparatus was 168-169° C 

• Experimental Theoretical 


Pioactmomycm B — A doubtfully crystalline sobd could be obtained from 
purePa B by adding bglit petroleum ether to the homogeneous free base obtained 
as an oil after evaporation of an ether solution These “ crystals ” melted at 
S3-S7° C on the hot stage micro -melting pomt apparatus 

Proactinomycin C — Attempts to crystallize this substance v ere not successful 
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Fig 4 — (24 tube machine distribution) pH of buffer, 6 8 This curve is presented to show 
the presence of a homogeneous mactive substance with a partition coefficient between 
that of Pa B and Pa C The inconvenience which this impurity caused from a preparative 
standpoint, when present in relatively large amounts, is seen from a comparison of this 
curve with Fig 2 In the latter at least four tubes containing the largest amount of Pa B 
were selected as being homogeneous within the limits of the method, whereas m the present 
case, none of the tubes were used as a source of material for experiments on Pa B until 
additional distributions had been performed 

The yield of homogeneous Pa C was also markedly reduced by the presence of this 
impurity 

• Experimental X Experimental minus “C” 

Theoretical A Experimental minus “ Impurity ” 



Fig 5 — (24-tube machine distribution) pH of buffer, 6 8 This curve shows that when 
Pa A and Pa B were both present, little separation was obtained m 24 transfers 
K for Pa A = 0 23, and for Pa B = 0*56 The starting material was obtained from 
selected tubes from a 1G tube alternate withdrawal procedure (Craig, Hogoboom, 
Carpenter and du Yigneaud, 1947) in funnels 
• . Experimental 


Theoretical V Experimental minus “ B ” 
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Fig 0 — (24 tube machine distribution) pH of buffer, 7 2 This distribution was carried 
out on crystals of Pa A Ten ml aliquots were used for dry weight determinations and 
the melting points of crystals from five tubes were determined 

• Experimental Theoretical 


Chemical properties of proactinomycin A, B and C 

Chemical analyses (by Weiler and Strauss) of the three antibiotics gave the 
following results in percentages 


Proactinomycin A 

Proactinomycin B 

Proactinomycin C 

c 

63 2 

63 8 

65 6 

H 

9 04 

9 4 

9 2 

N 

2 67 

2 71 

3 08 

0 (by difference) 

25 09 

24 09 

22 22 

(N)CH3 

7 35 

8 7 

8 5 

(C)ch 3 

18 8 

18 04 

18 6 

OCHg 

1 1 

0 

0 

Molecular weight (Rast) 

445 

513 

322 

(The sulphur content of the 
respectively ) 

three samples 

was 0 0096, 0 041 and 0 057 per cen 


On the basis of these figures the following molecular formulae are suggested 
Proactinomycin A, C 27 H 47 O e N (Requires C, 63 2 , H, 9 2 , 1ST, 2 7 ) 

Proactinomycin B, C 28 H 49 0 8 N (Requires C, 63 8 , H, 9 3 , N, 2 7 ) 

Proactinomycin G, C 24 H 41 Q 6 N (Requires C, 65 6 , H, 9 3 , X, 3 2 ) 

The analytical fig ures indicate that proactinomycin A and proactinomycin B 

are closely related compounds The values for (N)CH 3 show that all three 
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antibiotics contain an — N(GE 3 ) 2 grouping This is compatible with the finding 
of Philpot (unpublished, 1946) that dimethylamine was a product of the treat- 
ment of crude proactinomycin with alkali 

Ultraviolet spectra 

The ultraviolet absorption curves given by solutions of Pa A, Pa B and Pa C 
in anaesthetic ether are shown in Fig 7 Measurements were made with a 
Beckman model DU photoelectric spectrophotometer and absorption due to 
solvent alone was automatically subtracted The cell length was 1 cm The 
measurements were made by Dr V E Sharp and Dr G Y B Bom 



Fic 7 — Ultraviolet absorption of proactinomycin A, B and C Measured in the Beckman 
model DU spectrophotometer in anaesthetic ether Thickness of laj er 1 cm 

Pa "A” 0 5 mg /c c 

- - Pa “ B ” 0 5 mg jc c 
Pa “ C ” 0 01 mg /c e 


SUMMARY 

A reinvestigation of proactinomycin has resulted in the isolation of three 
basic antibiotics, one of which has been obtained in a crystalline form 

The v ork reported in this paper was carried out under the general supervision 
of Dr N G Heatley Mr G G F Newton has offered many helpful suggestions 
during the course of the work, and invaluable technical assistance v as given by 
^Ir J Kent and Miss S Long 
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The separation of three distinct proactmomycins from the antibacterial 
products of Proactinomyces ( Nocardia ) gardnen has been described (Marston, 
1949) The present paper describes investigations of some of the antibacterial 
and pharmacological properties of these three substances, Proactinomycins A, 
B and G (called for convenience Pa A, Pa B and Pa C), and of the unffactionated 
substance, Pa crude 

EXPERIMENTAL 
Aniibactenal Properties 

Methods 

The antibacterial titres of the preparations were ascertamed by the serial 
dilution method Two-fold serial dilutions m distilled water, pH 6 5, were 
sterilized by filtration through a sintered glass filter, and were kept m the refri- 
gerator when not bemg used The same batch of heart extract broth was used 
for all tests, but 10 per cent serum was added for Sir pyogenes, Sir pneumoniae 
and C diphtheriae, and 2 per cent glucose in addition for N meningitidis Each 
tube containing 1 8 ml of medium and 0 2 ml of antibiotic solution was inoculated 
with one drop (delivered with a Dreyer’s pipette) of an overnight culture of the 
organism (2 drops of N meningitidis ) 

The tests were read after 24 and 48 horn's of incubation at 37° C , but for the 
sake of clarity only the 48-hour results are given m the tables In general the 
24-hour readings showed inhibitory titres 2 to 4 times as high as those at 48 hours 

To ascertain the effect of serum on antibacterial activity 10 per cent of sterile 
horse serum was added to the medium m serial dilution tests To ascertain 
whether whole blood impaired activity, the following procedure was adopted 

Five ml of each preparation were made isotonic to horse red blood cells b\ 
the addition of 0 5 ml of 9 per cent sodium chloride To each of these solutions 
was added 4 5 ml of oxalated whole blood, and the mixtures were rotated on a 
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tilted gramophone turntable (Heatley, 1941) for 4 hours at 37° C They were 
then centrifuged and the clear supernatants, which were coloured by haemolyzed 
blood, were removed to four separate tubes which were placed m the refrigerator 
overnight and tested the following day by the serial dilution method against 
Staph aureus 

Ten ml of distilled water were added to the red cell pack (approximately 
1 ml m volume) remaining m each tube This procedure readily lysed the cells, 
and these solutions were tested by the same method 


RESULTS 

Activity against various bacteria 

The results of the serial dilution tests are given m Table I Three of the 
preparations had about the same activity, but Pa B was distinctly inferior against 
all the organisms tested except N meningitidis 

In view of Abraham and Duthie’s investigation (1946) of the effect of pH on 
the antibacterial activity of proactinomycin, the pH of the medium was deter- 
mined at the end of two of the tests ( B anthracis and Staph aureus) There was 
no difference in comparable tubes containing different preparations The 
apparent inferiority of Pa B is not, therefore, to be explained by a change m pH 


Table I — Comparison of the Antibacterial Activity of the Four Preparations of 
Proactinomycin against Various Bacteria by the Serial Dilution Method 
Figures shoiv the Dilution of the Substance at the Bnd-pomt indicated 


Preparation 

Kind of 
inhibition 

Staph aureus 

Sir 

pyogenes 

Sir 

pneumoniae 

Pa crude 

Partial 

1 

40,000 

1 

640,000 

1 

1,280,000 

Complete 

1 

20,000 

1 

160,000 

1 

640,000 

Pa A 

Partial 

1 

40,000 

1 

640,000 

1 

1,280,000 


Complete 

1 

20,000 

1 

80,000 

1 

640,000 

Pa B 

Partial 

1 

10,000 

1 

160,000 

1 

640,000 

Complete 


— 

1 

20,000 

1 

160,000 

PaC 

Partial 

1 

80,000 

1 

640,000 

1 

1,280,000 

Complete 

1 

20,000 

1 

80,000 

1 

640,000 

Preparation 

Kind of 
inhibition 

B 

anthracis 

C diphthenae 
var grams 

N meningitidis 

Pa crude 

Partial 



i 

640,000 




Complete 

1 

80,000 

i 

160,000 

1 

80,000 

Pa A 

Partial 

I 

80,000 

i 

320,000 




Complete 

1 

40,000 

i 

160,000 

1 

80,000 

PaB 

Partial 

1 

20,000 

i 

80,000 




Complete 


— 

i 

40,000 

1 

160,000 

Pa G 

Partial 



i 

1,280,000 




Complete 

1 

80,000 

i 

320,000 

1 

40,000 


A dash indicates that the figure -was outside the range of the titration 

A blank indicates that there was no partial inhibition, as tubes showing no growth and full growth 
were adjacent m the dilution series 

The B anthracis and C diphthenae var gravis were laboratory stock strains Tho other o Ira- 
nians were as follows Staph aureus, Wellcome CN 491 , Sir pyogenes, Wellcome CN 10 , Sir 
pneumoniae, Wellcome CN 33, and N meningitidis, Colmdalo 1 1 1015 
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Effect of serum 

The presence of 10 per cent horse serum had no marked effect on the anti- 
bacterial activity of any of the four preparations against Staph aureus (W ellcome 
CN 491) 

Effect of whole blood 

Florey, Je nning s and Sanders (1945) found that the activity of proactmomycm 
was reduced by mcubation for 4 hours with undiluted whole blood When this 
was repeated by the method described above there was an indication of shght 
loss of activity by all the substances, but residual activity was m all cases at 
least 50 per cent Separate titration of the red cells after lysis showed an 
approximately equal distribution of the antibiotics between the red cells and 
the surrounding fluid 

Effect of size of inoculum 

The titre of all four preparations against Staph aureus was only moderately 
affected by changes m the size of the inoculum In each case a thousand-fold 
reduction m the density of the inoculum resulted m an mcrease m titre, usually 
about four-fold (Table II) 

Table II — Effect of Inoculum Size on the Antibacterial Activity of the Four Pre- 
parations against Staph aureus Figures show the Dilution of Substance 
Completely Inhibiting Growth 


Inoculum overnight culture of Staph aureus 


Preparation 

Undiluted 

Diluted 

1 1000 

1 

Diluted 

1,000,000 

Pa crude 

1 20,000 

1 80,000 

1 

640,000 

Pa A 

1 20,000 

1 80,000 

1 

160,000 

PaB 

— 

1 20,000 

1 

40,000 

PaC 

1 20,000 

1 80,000 

1 

320,000 


Relation of titre by dilution test to zone size m cylinder -plate assays 

Under the conditions used (cylinder-plates surface seeded with a 1 100 

dilution of a broth culture of Staph aureus) a solution containing about 0 2 
mg /ml (1 m 5000) of any of the preparations gave a zone of inhibition about 
20 mm m diameter The concentration-zone diameter curve obtained by the 
cylinder-plate assay was fairly steep, the zone diameter increasing by approxi- 
mately 2 mm for each doubling of concentration 

Pharmacological Properties 

Acute toxicity to mice 

One hundred and ten 20 g mice m groups of from 5 to 8 v ere injected intra- 
venously with various amounts of substances Pa A, Pa B, Pa C and Pa crude 
dissolved in 0 3 ml of saline The approximate LD^, of eacli substance was 
calculated by the method of Reed and Muencli (1938), and uas found to be for 
Pa A 3 0 mg , for Pa B 2 4 mg , for Pa C 1 0 mg , and for Pa crude 1 S mg 

Some reaction was noted m all of the mice tested except tho^e receiving 
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Pa A 1 8 mg and Pa crude 1 3 mg Symptoms began immediately after the 
injections, and ranged from a slightly shaky gait to -violent convulsions followed 
by death in from 1 to 5 min utes In some cases cyanosis was present All of the 
mice which survived appeared normal 10 to 15 minutes after the injection, and 
from that time to the end of a 10-day observation period they presented no 
abnormalities 


Toxicity to leucocytes m vitro 


Effect on motility — Tests m which an antibacterial substance is brought mto 
direct contact with leucocytes m vitro give an opportunity for direct observation 
of the effect of the substance on living cells, and are also therapeutically important 
because of the essential role played by leucocytes m complementing the curative 
action of bacteriostatic substances 

The effects of the three substances Pa A, Pa B and Pa C on the motihty of 
human leucocytes m mtro were compared by the method described by Abraham, 
Cham, Fletcher, Florey, Gardner, Heatley and Jenmngs (1941) Each substance 
was tested in 9 dilutions ranging from 1 to 500 to 1 to 80,000 Some of the 
dilutions were tested more than once, and these duplicate tests gave consistent 
results Pa A, which was the least toxic, killed leucocytes m 20 minutes at a 
concentration of 1 m 500, and impaired their motihty at 1 m 10,000, but a concen- 
tration of 1 m 20,000 was without effect during an hour’s observation Pa B 
at 1 m 500 killed them more quickly, and at 1 m 25,000 impaired motihty after 
an hour Pa C was considerably more toxic than either of the others, as a concen- 
tration of 1 m S0t)0 lulled the cells in 20 minutes, and 1 m 40,000 lulled them m 
an hour 

Effect on phagocytosis — Leucocytes were obtamed from the peritoneal cavity 
of rabbits, after the injection of saline on two successive days, by the method 
described by Mudd, Lucke, McCutcheon and Strunua (1929) These were 
brought into contact with heat-lulled staphylococci suspended m 5 pei cent 
serum m saline containing different concentrations of the substances, by slow 
rotation at 37° C for one hour At the end of this time smears were made and 


fixed, and stamed by Claudius’ modification of Gram’s stain, and the number of 
cells containing bacteria was counted 


There was no appreciable 
bacteria (about 80 
concentration A A . f 

trations of Complete 

this subsb ^ Jk\, n a ! a , 

, V « & C A 'Partial 
leucocytes \to , 

Effect onf Vg 9 

further testei \du6 f 

them into dire wml 5 

as follows The lpbbits were 


\to art ! a ! 

\du6“! 
Cbits were 


jmee between the number of cells containing 
preparations and m preparations containing 
as 1 2000 Phagocytosis m concen- 
/ "P? n i about the same, but m 1 2000 of 
ingested bacteria 

U °0 ^ 0/ jp than the other two substances to 

h Of'^S , f 

°qS P ^ 

\ ^ £,Vhe substances to tissue cells was 

X lial space of rabbits, thus bringing 
3 0 ( Q / /ous sjastem The procedure was 


. Pl- 
us follows The lVbluts wen % ''fie preoperatively and anaesthetized 

with ether The spmal cord e o 0 % o/Joy a cisternal puncture, and 0 5 ml 

of cerebro-spinal flmd withdrtP? #%/% Jfced by the same quantity of a salrne 

solution (pH G 5) containing of the antibiotics After recovery 

from the anaesthetic the animal Afched for signs of irritation of the central 
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nervous system In most cases they were killed 24 hours after the injection, 
when a sample of the cerebro -spinal fluid was assayed for antibacterial activity 
and the bram stem was inspected 

In only one rabbit (after injection of 2 mg of Pa B) was any gross damage 
to the nervous system, presumably due to the needle, found m the post-mortem 
exa min ation In this case haemorrhage had extended into the substance of 
the bram stem 

No symptoms which could be related to the effect of substances Pa B and 
Pa C were noted from maximum doses of 6 and 12 mg respectively, but Pa A 
obviously had a detrimental effect when injected into the spinal canal After- 
effects varied from post-operative “ head shaking ” when 3 mg were mjected, 
to death within 5 to 10 min utes after the injection of 10 mg Six mg m one 
rabbit caused marked symptoms, which began while the animal was still recover- 
ing from the anaesthetic, and consisted of, first, vigorous shaking of the head, 
then scratching motions and inability to stand About 45 minutes after the 
injection it began to have fits every two or three minutes These started with 
rapid, side-to-side motions of the head, and progressed quickly to violent, unco- 
ordinated jerking of the whole body with a tendency to fall to the right 

The frequency and violence of the fits decreased rapidly during the next 
30 minutes, and four or five hours after the injection the rabbit appeared quiet 
but otherwise fairly normal After the seizures had become less fiequent and less 
violent, stroking the head tended to bring on involuntary shaking of the head, 
but noise had no effect 

Symptoms similar to these, but less violent, were noted m one out of two 
rabbits given 10 mg of Pa crude, but not m the other 

Antibacterial activity was detected in the cerebro-spmal fluid 24 hours aftei 
mjection in animals that received as much as 3 mg of Pa A, 2 mg of Pa B, and 
12 mg of Pa C 

The most interesting feature of these results is that the order of toxicity to 
nerve tissue, as shown by these tests, differed from that to whole mice and to 
leucocytes m vitro Pa A was the most toxic of the three substances to the 
central nervous system, and was the least toxic of the three m the other tests 

Effect on blood pressure and respiration of decerebrate cats 

Florey, Jennmgs and Sanders (1945) found that proactinomycin caused a 
rise in the blood pressure of cats under chloralose anaesthesia A rise was 
obtained under nembutal anaesthesia, though on repeating the injection of the 
antibiotic a fall occurred In the decerebrate cat there was a slow rise of piessure 
after an initial fall, while in the decapitated cat mjection was follow ed by a sharp 
fall, with recovery up to but not above the original level 

In the present experiments the effects of Pa A, Pa B, Pa C and Pa crude on 
the blood pressure w ere mvestigated on six decerebrate cats, and Pa cmde on 
ono cat under chloralose anaesthesia The method of decerebration was that 
descubed by Schmidt (1923), m wduch the bram is divided bv drawing i ligature 
tight, so that bleeding is avoided 

The substances were dissolved m 5 to S ml of saline, pH 0 5-7 0 md woic 
administered slowlv taking two or three minutes, b\ intra\ enon* injection 
The results obtained in these experiments with Pa crude resembled tho-e icpoited 
bv Florey d al with proactinomycin m the decerebrate cat in that the prr--uri 
2S 
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Fig 1 — Gat m/4 (decerebrate) Weight 2 8 kg (11 minute break between end of first and 
beg in n i ng of second tracing) The injection of 100 mg of Pa A (36 mg per kg ) causod a 
shght fall of blood pressure (10 mm of Hg ) followed by a slight nse The respiratory rate 
decreased from 21 to 16 rpm during the injection Tlurty minutes after this injection 
100 mg of Pa crude (36 mg per kg ) were injected into the same cat This dose causod 
a pronounced fall m blood pressure, from 118 mm to 40 mmi of mercury, and an increase in 
respiratory rato from 32 to 43 r p m [The time signal in Fig 1 to 5 indicates 10 seconds ] 
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Fig 2 — Cat m/ 3 (decerebrate) Weight 2 6 kg (10 minute break between end of first and 
beginning of second tracing) An injection of 50 mg of Pa B (19 rag per kg ) had no imme 
diate effect on the blood pressure, but a shght nse occurred, starting a few minutes after tho 
injection was completed There was no effect on the rate of respiration Fift\ mg of 
Pa crude were injected 20 minutes after the first injection, and resulted m the marked fall 
in blood pressure and increased respiratory rate shown in the adjacent tracing 
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fell and then rose again In the present work, however, the initial fall was 
more pronounced, and though there was afterwards recovery, the original level 
was only exceeded m a few animals In the one cat tested under chloralose 



130 


O 




i if 

ICOnitj Pa B 


Fig 3 — Cal m/7 (decerebrate) Weight, 2 8 kg One hundred mg ofPaB, or 36 mg per kg 
caused a fall m blood pressure followed by the most pronounced rise (20 mm of mercury) 
encountered in these experiments 




IS 


* 


* 
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kl A •jilt kill \ f M ,fr ^ 


150 



43 


C 


1<I0 4 — Cat m/ > (du erebrnte) Weight 2 8 kg Vn injection of 50 mg of I’n C (IS mg j* r 
kg ) caused a fall in blood pressure of o\ei 100 mm of mercurc and doubled thr respiratorc 
rate Fort\ fi\o minutes after this injection 50 mg of Pa crude (IS me per kg ) were in 
joctod and caused the same t\po but much less marked chances in blood pn ^-nrc and 
respiration 


with Pa crude the lcsult differed fiom thore of Flore\ cf a! m that t lie pre-»ur< 
fell steeplt before recovenna ind e\entuall\ showmp a me abo\e tin origin il 
level 
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Fig 1 2 3 4 and 5 illustrate the results obtained with Pa A, Pa B, Pa C and 
Pa crude from which it would appear that Pa C is largely responsible for the fall 
of blood pressure associated with the injection of Pa crude 

Effect on isolated smooth muscle 

In these experiments one horn of the uterus of a guinea-pig was suspended m 
•50 ml of oxygenated Finger s solution m a contamei immersed m a water bath, 
the temperature of which was maintained at 37° 0 The substances to be tested 
were dissolved m Binger s solution and injected through a glass tube, the opening 
of winch was just above the oxygen inlet and below the suspended segment of 
uterus 


3 




1 «• 



SO«*< ^ Cr«d( 


Fig 5 — Cat m/ 2 (decerebrate) Weight 2 4 kg An injection of 50 mg of Pa crude (21 mg 

per kg ) caused a pronounced fall in blood pressure followed bv a slight nse abo\ e the original 
level and an increase m respiratory rate and depth 


Fig 6 7 S and 9 show the type of response obtamed in each case The 
dilutions given m the tracings are the final dilutions present m the fluid sur- 
rounding the muscle The time marker interval m all figures = 30 seconds 

Effect of Pa crude 

Fig 6 shows the tvpe of response obtained with a concentration of 1/10,000 
of Pa crude 

A concentration of 1 m 25 000 depressed the amplitude of uterine contractions, 
and a concentration of 1 m 5000 caused them to cease almost entirely In both 
cases recovery occurred after v ashing with warm Binger s solution 



PROPERTIES OP THE PROACT1NOMYCINS A, B AND C 


415 




I ' 


J. I II JJ UH 



* 

Histamine 


Crude 


I o ooo 


Wash 


Fig g" 


Effect of Pa A 

Fig 7 shows the type of response obtained with Pa A at a concentration of 
1 in 10,000 There was a slight decrease of amplitude of the contractions and 
increase of their frequency A concentration of 1 m 25,000 had no noticeable 
effect on the uterine contractions 
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Fig 7 


Effect of Pa B 

The type of response following contact with Pa B is shown m Fig 8 A 
concentration of 1 m 10,000 of Pa B caused a marked contraction of the uterus, 
which was maintained until the uterus was washed with fresh Ringer’s solution, 
after which the original rhythm returned 


** * s Sp jcvniW 


\l 



Wostr 
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Fig 8 
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A concentration of 1 in 25,000 did not significantly altei the amplitude 
oi frequency of contractions, but when this same muscle was subjected to a 
concentration of 1 m 25,000 of Pa C the contractions practically ceased 

Effect of Pa C 

Fig 9 shows the effect of Pa 0 at a concentration of 1 m 12,500 A concen- 
tration of 1 m 100,000 caused an appreciable decrease m the late of uterine 
contractions, whereas a concentration of 1 in 50,000 practically abohshed the 
contractions However, even after being subjected to a concentration of 1 m 
12,500 for 20 nnnutes, rhythmic contractions were restored after washing with 
Ringer’s solution 



C ' 


i2,Soo 


Wash 


Fig 9 


It is thus cleai that the inhibition of the lhythmical conti actions of the guinea- 
pig uterus by Pa cmde can be attributed to its content of Pa 0, as both Pa A 
and Pa B stimulate lather than inhibit conti action 


Excietion m Mice 
Methods 

Two mg dissolved m 0 5 ml of saline weie admimsteied by stomach-tube to 
each of tlnee mice Pa A, Pa B and Pa 0 weie each given in this way Two mg 
of Pa A m 0 5 ml of saline w eie also injected subcutaneously into each of three 
20 g mice 

Aftei 5 horns the mice weie lulled and the mine collected and assayed foi 
antibactenal activity on cy finder-plates seeded with C xerosis The plates also 
cained solutions of known strength m terms of which recoven was calculated 
The gastro-mtestmal tract v as removed from nnce that had received substance 
oi ally and rinsed u ith 2 ml of saline These washings u ere also assayed 


Results 

The figuies given below which show r the amount of substance recoveied, aie 
the aveiages of det eliminations on each gioup of three nnce The errors in their 
estimation are piobablj large 
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Percentage recovered in 


Substance 

Routo 

Unno 

Gastro intestinal 
washings 

Pa A 

Oial 

20 

3 

PaB 

• 3> 

20 

n 

PaC 


21 

3 

Pa ciude 

Subcutaneous 

20 

— 


Detection m the blood aftei subcutaneous injection in mice 

The blood was collected fiom the heart of mice that leceived Pa A subcu- 
taneously m the pievious exjiernnent w r hen the animals were lulled It exhibited 
no mhibition (1) against Staph aureus when tested by the capillary tube method 
(Fleming, 1944), or (2) against 0 xeiosis when tested by the cylinder-plate 
method The low r est concentrations detectable by these methods were approxi- 
mately 1 40,000 by method (1), and 1 160,000 by method (2) 

In another experiment each of three IS g mice was given 2 mg of Pa A 
subcutaneously One mouse was killed 15 minutes after the injection, and the 
otheis 30 and 60 minutes aftei injection Samples of heart blood were assayed 
by methods (1) and (2) above No definite activity wrns detected in any of the 
samples, but theie was a small, questionable zone of inhibition on the C xerosis 
plate aiound the cylindei of the 1-houi sample 

Piotectwn Tests in Mice 

Owing to the smallness of the supplies available, only one protection test 
could be earned out with Pa A For this the pneumococcus was chosen, as it 
w r as the most sensitive of the bacteria that had been tested in vitro , and a large 
dose of organisms was not needed to lull mice Six groups of 10 mice weighing 
about 20 g were infected mtrapei itoneally w ith 0 2 ml of a 1 m 10,000 dilution 
of an S-houi culture of Sh pneumoniae (Wellcome CN 33) Thirty minutes 
aftei infection the first dose of Pa A was injected subcutaneously The injections 
w r ere repeated every three hours for 48 hours Table III shows that the largest 
dose of Pa A given subcutaneously afforded some shght protection, and probably 
better protection could have been obtained by a laiger dose But the margin 
between toxic and protective doses is evidently small 


Table III 


Single 

close, 

Route 


Number of mice surviving at the end of hours 

-A. 

mg 

18 

24 

30 

36 

42 

46 57 63 69 

0 1 

Subcutaneous 

10 

7 

3 

2 

0 

• « 

0 2 

53 

10 

10 

4 

2 

1 

0 

0 4 

33 

10 

10 

9 

4 

2 

0 

0 8 

33 

10 

10 

10 

10 

10 

7 2 10 

0 1 

Oral 

10 

4 

0 





(Control) 

10 

S 

3 

1 

0 



SUMMARY 

Proactinomycin A and Proactinomycin C had approximately the same anti- 
bacterial activity against the organisms tested, while Proactinomycin B was 
about half as active as the other two 
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The substances were shown to be relatively toxic when injected mtiavenously 
mto mice, and m sufficient concentrations to decrease the motility of human 
leucocytes, to depress the blood pressure of decerebrate cats and to alter the noimal 
contractions of the guinea-pig uterus In all of these tests Proactinomycin C 
was foimd to have the most pronounced and Proactinomycin A the least pro- 
nounced effect Sim i larly Proactinomycin G was the only one of the three 
substances that decreased phagocytosis of bacteria by leucocytes m the concen- 
trations used Proactinomycin A caused severe disturbance when injected m 
sufficient quantity mto the cerebro-spmal fluid of rabbits, whereas the same 
amount of Proactinomycin B or Proactinomycin C had no noticeable effect 

All thiee substances were detected in the urme and gastro -intestinal washings 
of nnce after oral administration, and Proactinomycin A (the only one tried) was 
detected m the urme after subcutaneous injection 

In the doses used, Proactinomycin A offered httle protection to mice infected 
with Sir pneumoniae Larger doses would have approached the toxic level 
In view of the low antibacterial power relative to toxicity, it is unlikely that 
any of the thiee substances investigated would be useful clinically as antibacterial 
agents 

We aie mdebted to Miss Mavis Bond for carrying out the antibactenal titia- 
tions undei the direction of Sir Percival Hartley, to Mr J Kent and Miss S Long 
foi technical assistance 

The Medical Research Councd provided grants towards technical assistance 
and the purchase of materials 
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Lsr 1941 Burnet and Bull showed that fluids obtained fioni initial isolations 
of influenza A virus by the method of ammotic inoculation gave unusual haemag- 
glutination reactions Fowl cells were not agglutinated or showed a very low 
titre of incomplete agglutination, but human or guinea-pig cells were aggluti- 
nated to a titre in conformity with the mfectivity of the fluid By transfer in 
the ammotic cavity at limiting dilutions it is possible to maintain the original, 
0 phase, character One of the 1942 strains, BEI, is still available in this 
laboratory m the 0 form Without these precautions passage by any method 
in the cluck embn o speedily results m the appearance of the D phase, agglutinat- 
nig fowl cells to the same titre as human or guinea-pig cells 

In all the isolations of influenza A that have been made m Melbourne since 
1942 virus was flrst obtained m the 0 phase Workers in other laboratories have 
for the most part confirmed this finding (Dudgeon, Mellanby, Glover and Andrew es, 
1948) A number of isolations have, however, been reported by the use of allan- 
toic inoculation, with recognition of the virus by fowl cell agglutination (Rickard, 
Thigpen and Crowdey, 1944) Nevertheless, all are agreed that allantoic inocu- 
lation is far less effective than inoculation of 13-day embryos in the ammotic 
cavity, and an interpretation of the significance of the results of Rickard et al 
has already been pubhshed (Burnet and Stone, 1945a) 

There has been no confirmation from other laboratories of maintenance of a 
stram indefinitely m the 0 phase by passage at limiting dilutions This is neces- 
sarily a time-consuming and difficult task not likely to be undertaken by anyone 
not deeply interested m the specific problems The D phase or an intermediate 
always appears at each passage and correct dilutions and appropriate timing of 
harvesting are needed to mamtam the 0 character In the light of our experience, 
a stram whose characters can be readily maintained by chick embryo passage is 
not m the 0 phase 

The stimulus to pubhsh the w ork reported m this paper was the appearance 
of Magill and Sugg’s (1948) paper in which it is claimed that the O-D change 
has no genetic significance, but represents merely a change w r hich can be produced 
at will by altering the ionic environment of the virus Bnody (1948), in this 
laboratory, had previously shown that by simple heating, some strains with O 
type of agglutination reactions could be converted mto material agglutinating 
fowl cells 

It seemed to us desirable that we should describe our own studies of this type 
on various 0 and intermediate phase strains of influenza A It wall be shown 

* Rockefeller Travelling Research Fellow 
•j* Francis Haley Research Officer 
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that influenza A vims can exist m a form which maintains its 0 charactei despite 
the application of any of these methods It can he converted to the D onlv bv 
the occurrence of an appropriate mutation m the course of multiplication in 
chick embryo tissues It is only intermediate forms which can he modified in 
ut ro to give 0 or D reactions 

We would pomt out that m our original paper 0 phase is ascnbed to manv 
strains which we should now regard as intermediates In a more recent paper 
(Anderson and Burnet 1947) a strain IAX-Q was described which was said to be 
capable of growing m the O-phase m the allantoic cavitv This interpretation 
v ill be shown to be wrong The strain is in fact a particularlv good example 
of the intermediate tvpe of virus which allows the various changes described b\ 
Magill and Sugg to be demonstrated 


MATERIALS AXD METHODS 

Viruses 

BEL — Influenza A strain isolated durmg Victorian epidennc 1942 

0 and intermediate (false 0) phase virus was obtained bv ammotic inoculation 
of material winch had been maintained m the 0 phase durmg 26 ammotic passages 
at limiting dilutions (method of Burnet and Stone I945&) 

D phase rums had received numerous allantoic passages 
I AX — Influenza A strain isolated m 1946 from a sporadic case of mfluenza m 
Melbourne The virus used was the substrain previouslv described as in the 0 
phase It u as prepared by allantoic inoculation of material which had received 
6 allantoic passages smce its isolation in the ammotic cavity Its properties are 
described by Anderson and Burnet (1947) 

Oc I — Influenza A strain isolated from an epidemic m Ocean Island 194S 

0 and intermediate (false O and 8) phase virus was obtained during the fiist 
or second ammotic passage of the strain 

The following strains were propagated m the allantoic cavitv 
WSE — Egg-adapted substrain of the classical WS (influenza A) strain 
MEL — Melbourne strain of mfluenza A 
LEE — Classical strain of influenza B 
SW — Shope s strain 15 of swine mfluenza virus 

XDY — Xew castle disease virus isolated bv Albiston and Gome 1931 

Hacmaqgluiination titrations — Equal volumes (0 25 ml ) of virus dilutions and 
1 pei cent red cells were mixed and allowed to settle Readings were made b\ 
observing the pattern of sedimented cells as described b\ Burnet (1642) Partial 
(—) agglutmation was taken as the end-pomt Tests were earned out at room 
temperature or at 4° C as specified in the text Comparative titrations were 
made with fowl and guinea-pig cells and the fibres are expressed as ratio of the 
tu o end-pomt s F , G 

Ammotic inoculation — The techniques have been described m previous com- 
munications from this laboratory After inoculation the eggs were incubated 
for 40-42 hours at 35° C Samples of ammotic flmd were then withdrawn at 
regular intervals until fluids were obtained which agglutinated human cells the 
ammotic fluids were then harvested The lungs were removed ground with 
alundum suspended m 1 ml normal (0 9 per cent) saline and lighth centrifuged 
The supernatants weie used as lung emulsions 
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Receptoi -destroying enzyme of V choleiae (RDE) was piepaied by the method 
of Burnet and Stone (19-17) 


EXPERIMENTAL 

Chaiaclei of Variants of a Recently Isolated Sham 

The characteristics of an epidemic of influenza m Ocean Island in Octobei, 
1948, will be described and the isolation of the virus repoited elsewhere 

A detailed study v as made of one strain, isolated in the first passage m 
the form of ammotic fluid with an F/G titre of <10/480 when tested at room 
temperature When this fluid v as titiated m eggs by ammotic and allantoic 
methods m parallel the results obtained weie as shown m Table I 

Table I — Results of Passage of Ocean Island 0 Virus by Ammotic and AUantoic 

Routes at Different Dilutions 


Ammotic route Allantoic route 


Dilution of 

A 

r 


t 

— A , 

of inoculum 

Number 
infected * 

Phase f 

Numbei 
infected * 

Phase | 

io - 7 

1/5 

0 

— 

— 

io-° 

4/4 

000 

0/6 

— 

10- 5 

8/S 

000 

0/6 

— 

10- 4 

5/6 

000 

1/6 

D 

10- 3 

— 

— 

4/6 

8 

io - 2 

8/8 

000 D 

5/5 

sssDD 

10- 1 

— 

6/6 

SSDDD 

io-° 

— 

— 

5/6 

ssDD 


* Number gi\ mg liaemagglutmation of guinea pig cells and number sun lvmg 
t Phase character of representative fluids (Burnet and Stone, 19456) 


It vail be seen that the situation is similar to that leported for eaiher stiams 
m the 0 phase 

Eighteen embryo lung emulsions which gave no agglutination of fowl cells at 
a dilution of 1 10 at room temperature were tested at 4° C Seven of these gave 
no agglutination at 1 10, with agglutinin titres for guinea-pig cells ranging from 

100 to 320 Five others gave fowl cell titres at 4° 0 which were one-tenth or less 
of the gumea-pig cell titres These twelve can be regarded as true O phase virus 
Six lung emulsions gave the following values for fowl cell agglutination at 4° C, 
>80, >80, 80, 40, 40, 20 These last which gave no apparent agglutination at 
loom temperature (18 to 20°) are leferred to as “ false O ” phase virus As was 
pointed out in the paper by Burnet and Stone (19456) it is impossible to draw 
sharp dividing hnes m classifying the actual materials, ammotic fluid or embryo 
lung emulsion, from infected embryos Preparations can be obtained showing 
every graduation from “ true O ” which shows no fowl cell agglutination at any 
temperature to the full D phase 

In intro Characteristics of “ True O ” Phase Vnus m Contrast to “ False O ” Phase 

Virus 

Parallel experiments weie earned out on (1) O and other vanants of oui 
standard strain BEL, which has been maintained in the O phase for seven years 
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(2) The stiain IAN-0 which might he called the most blatantly false 0 m oiu 
possession and (3) the new strain Ocean Island 1948 (Oc I ) 

Influence of tempei aim e at which haemagglutmm titration is made 

Our primary criterion of true 0 behaviour has been the absence of agglutina- 
tion of fowl cells at 4° C by a 1 10 dilution of virus giving a titre of at least 80 
with guinea-pig or human cells When false 0 strains, e g IAN-O, are studied 
at loom temperature, close observation will show that m the early stages of 
settling a definite pattern is formed on the bottom of the tube By the time 
settling is complete there is at most only a slight roughness of the edge of the 
central “ button ” of cells If the cells are reshaken and again allowed to settle 
there is no trace of agglutination at any stage This finding, which is common 
to all the false 0 viruses tested, provides the clue to the understanding of the 
behaviour of these strains, viz that they very rapidly destroy by enzymic action 
the small proportion of fowl cell receptors to which they can be adsoibed Any- 
thing which prevents or slows down this elution of virus by its own enzymic 
action will mcrease the apparent haemagglutinating action on fowl cells 

Apparent conversion of false 0 to D by treatment of the mrus to i educe its enzymic 
activity 

By appropriate treatment any influenza virus can be converted mto an mdi- 
cator strain, still producmg haemagglutination to nearly full titre, but lacking 
enzymic activity and being inhibited by those mucoid materials which serve 
as a substrate for the untreated virus (Stone, 1949a) Simple heating will accom- 
plish this with some strains, others require to be diluted m a mildly alkaline 
medium containing citrate or oxalate When these methods are applied to 0 
and false 0 materials, the former show no development of a capacity to aggluti- 
nate fowl cells The false 0 viruses characteristically’- develop a power to agglu- 
tinate fowl cells at loom tempei ature to a titre approaching that to which guinea- 
pig, human oi pigeon cells are agglutinated The titre is nevei greater than 
that given by r the untreated virus with fowl cells at 4° C Results with Oc I 
and IAN aie shown in Table II 


Table II — Effect of Heat on the Agglutination Titres with Fowl and Guinea-pig 

Cells of True 0 and False 0 Virus 


F/G titres at room temperatui e 


Strain 

Phaso 

Treatment 

t 

Original 

—A , 

After heating 

Oc I 

0 

56° C 45 mm 

<10/210 

<10/80 

Oc I 

False 0 

5 3 

<10/430 

40/100 

IAN 

35 

52° G 15 mm 

<10/120 

140/120 


With BEL false 0 strains, heating to 52° for 15 minutes in the piesence of 
1 pei cent potassium oxalate allowed agglutination of fowl cells at loom tem- 
perature, but the agglutination was of v eaker type than that shown with guinea- 
pig cells Similar treatment of the true 0 phase mrus produced no capacity 
to agglutinate fowl cells 

The method used by Magill and Sugg (1948), suspension of virus in Mcllwaine’s 
phosphate-citric acid buffer at pH 5 6 was applied to the Oc I —0 and false 0 
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material used above (Table ll) , F/G titres at room temperature produced by this 
treatment weie <10/210 and 80/430 respectively 

Very mild treatment of IAN false O, including incubation for an hour at 37° C 
m the presence of borate buffer pH 8 5 plus 0 5 per cent sodium citrate, allowed 
a full title D type of agglutination of fowl cells at room temperature 

Agglutination of fowl cello ti eated until periodate 

Fazekas de St Groth (1949) has shown that at a certain level of periodate 
treatment red cells adsorb influenza viruses irreversibly, the normal enzymic 
action fa ilin g to occur By treating a 25 pei cent suspension of fowl cells noth 
an equal volume of m/4000 KI0 4 , cells were obtained winch at room temperature 
were agglutinated by false 0 specimens of IAN oi Oc I to the full titre, and by 
BEL false O to about half the titre obtained -with normal fowl cells at 4° 0 True 
O phase nr us of either Oc I or BEL was without effect on such cells 

The position m the receptoi gradienl of O and false O variants 

Previous experience in testing O and D phases of the same strain for their 
position m the receptor gradient of cells, human or giunea-pig, susceptible to 
agglutination by both has generally shown that the two phases he fairly close to 
one another, the O being earlier than the D (Burnet, McCrea and Stone, 1946) 
In view of the results described above it was of considerable interest to compare 
the position in the gradient for fowl cells of false O and D phases of the same 
strain Smce true O never shows any agglutination of fowl cells it cannot be 
tested The experiment with BEL, false O and D, which is shown in Table III 
followed the usual plan of such tests Fowl cells were treated with graded 
amounts of the vibrio filtrate, RLE, and the action stopped by the addition of 
citrate After washing with saline the cells were made up to 1 per cent suspen- 
sions Cells were also treated with BEL false O and NDV until stablized A 
modified senes of viruses was then used to test the agglutmabihty of each type 
of cell at 4° C , five agglutinating doses (A D ’s) being used The false O matenal 
(BEL) was in the form of an embryo lung emulsion with a titre of 1600 with 
guinea-pig cells The fowl cell titre at room temperature was < 10, at 4° C , 200 
It can be seen from Table III that BEL false O is at the “ extreme left ” of the 
gradient, quite separated from the D form of the same strain 

Table III — Relative Positions of BEL false O and BEL-D in Fowl Red Cell 

Receptor Gradient 


Haemagglutmation by 5 A D ’s at 4° C 
Red cells treated , — A 


•with 

BEL 
false O 

NDV 

MMF 

WSE 

BEL-D 

SW 

LEE 

RDE 

1 10 








1 50 

— 



— 

— 

— 

— 

+ 

1 250 

— 

— 

— 

— 

+ + 

+ ~b 

+ _j_ 

1 1250 

— 

+ 

++ 

+ + 

+ + 

+ + 

+ + 

BEL false O 

— 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

NDV 

— 


+ 

+ + 

+ + 

+ + 

+ + 

Control 

++ 

+ + 

++ 

+ + 

+ + 

+ + 

+ + 
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DISCUSSION 

The results leported in tins paper will, we hope, clarify the confusion m regard 
to the genetic significance of the 0— D senes of changes in influenza A viruses In 
a subsequent paper a detailed study of the enzymic activity of 0, D and intei - 
mediate phases of BEL will be reported This has given results m line with the 
interpretation which can be placed on the findings given m this paper 

Our view is simply that when first isolated from human material influenza A 
virus particles are incapable of adsorption to and therefoie of enzymic action on 
the receptor substance of fowl oi mouse erythrocjdes In any large population 
of such virus particles a proportion of mutants appear which are capable of ad- 
sorption to the most “ accessible ” of the fowl cell receptor groupings Tins pro- 
portion presumabfy is selectively favoured m the environment of the chick embryo 
and, in accordance with the now generally accepted views on microbial variation, 
furthei variants appear within the favoured clones by winch the changed charactei 
is accentuated (Demeiec, 1945) As the change goes on the vnus becomes capable 
of adsorption to progressively less accessible leceptor groupings until it finally 
leaches its appiopriate position m the fowl cell gradient of fnlfy “ egg-adapted” 
strains In the early stages only a few receptor groupings are accessible and a 
brief period of contact between mi us and cells results m their enzymic destiuction 
with disappearance of the initial cell aggregation Anything which hinders this 
enzymic destruction of the most accessible leceptors will at tins stage of mi us 
adaptation produce an apparent conversion of virus from 0 to D The simplest 
way to inhibit enzymic action is to lower the temperature, but the same lesult 
can be achieved by heating virus m the region of 52-56° 0 m an appiopnate 
ionic environment, or by modifying the cell receptors with small amounts of 
periodate 

Even if it weie shown that “ true 0 ” virus as obtained m primary isolations 
by the amniotic method, could be induced to give fowl cell agglutination by some 
phvsical or chemical treatment, the data provided m this and earlier papers as 
to the conditions undei v Inch foul cell agglutinating virus appears would still 
demand a genetic interpretation The fact that any tiue 0 strain will, on passage, 
give intermediate and D descendants with complete regularity, yet cannot be 
induced bv any manipulation in vitro to agglutinate fowl cells, wholly invalidates 
the vieu that the 0-D phase variations represent merely transformations m 
agglutinating actmtv induced bv the ionic environment 


SUMMARY 

Influenza A virus strains m true 0 phase as isolated from the human subject, 
cannot be manipulated b\ physicochemical means to produce fowl cell aggluti- 
nation 

The behaviour of intermediate forms which show such an apparent conversion 
is exphcable m terms of their enzymic activity on cell receptors 

The change from 0 to D phase on chick embryo passage is due to processes of 
mutation and selective survival 

This woik uas aided bv a grant from the National Health and Medical 
Research Council, Canberra, Australia 



AYITVIN 


425 


REFERENCES 

Anderson, S G , and Burnet, F M — (1947) Aust J exp Biol Med Sci , 25, 235 
Briody, B A — (1948) 7 infect Dis , 83, 2S3 
Burnet, F M — (1942) Aust J Sci , 5, 5 

Idem and Bull, D R — (1943) Aust J exp Biol med Sci , 21, 55 
Idem, McCrea, J F , and Stone, J D — (1940) Brit J exp Path , 27, 236 
Idem and Stone, J D — (1945a) Aust I exp Biol med Sci , 23, 147 — (19455) Ibid , 
23, 151 —(1947) Ibid , 25, 227 
Demereo, M — (1945) Proc nat Acad Set , Wash , 31, 16 

Dudgeon, G A , Mellanby, H , Glover, R E , and Andrehes, C H — (1948) Bril 
J exp Path , 29, 132 

Fa 7, era s de St Groth, S — (1949) Aust J exp Biol med Sa , 27, 65 
Magill, T P , and Sugg, J Y — (1948) 7 exp Med , 87, 535 
Rickard, E R Thigpen, M , and Crowley, J H — (1944) J Immunol , 49, 263 
Stone, J D — (1949a) Ansi T exp Biol med Sci , (m press) 


AYFIVTN AN ANTIBIOTIC FROM B LI OH EN I FORM J ti 
PRODUCTION IN POTATO-DEXTROSE MEDIUM 


A ARRIAGADA, M C SAVAGE, E P ABRAHAM, 

N G HEATLEY and A E SHARP 
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Magarao, Amagada and Thales (1944) reported that cultures of Myco tuber- 
culosis contaminated by a strain of B subhhs underwent lysis, and that product^ 
of the contaminating organism, were able to modify the course of tuberculosis 
m guinea-pigs Cultures of the B subhhs which had been brought to Oxford 
weie found to contam two species of aerobic spore-forming bacilli One was a 
strain of B subhhs and the other was a strain of B hchemformis When tested 
by the cross-streak procedure on nutrient agar both organisms inhibited the 
growth of Staph aureus, C xerosis and Myco phlei, but showed little activity 
against Bast coh or Ps pyocyanm Antibacterial substances produced by the 
strain of B subhhs have already been described (Newton, 1949) The present 
papei is concerned with an antibiotic formed m certain liquid media by the strain 
of B hchemformis This organism was originally called A-5 and the antibiotic 
has been named ayfivm (Florey, Cham, Heatley, Jennings, Sanders, Abraham 
and Florey, 1949) 


experimental 

The organism 

The stram A-5 showed the usual characteristics of B hchemformis (Gibson, 
1944) It was maintained for routine use on slopes of heart-extract agar, which 
were stored m the r efr igerator until required Fresh subcultures were made every 
two weeks 
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Assay and unit of activity 

Ayfivm was assayed by the cylinder-plate method (Heatley, 1944) A labo- 
ratory strain of Myco -phlei was at first used as a test organism, but this proved 
to be easily overgrown by contaminants and to be very sensitive to changes in 
pH C xeiosis was finally chosen as the most suitable test orgamsm, and the 
assay was earned out on plates of Lemco-agar seeded -with cultures of this oigamsm 
which had grown for 24 hours at 37° C The size of the zone of inhibition vaned 
significantly with the pH of the agar, increasing as the pH was 1 educed from 8 
to 6 5 

The unit of ayfivm was based on the activity of a sample of crude ayfivm 
hydrochloride This material was arbitrarily stated to contain 5 units per mg 
It was stored dry m the refrigerator and appeared to be quite stable A solution 
of ayfivm containing 1 unit per ml produced zones of inhibition 18 to 21 mm m 
diametei on plates seeded with C xerosis For the purposes of assay, solutions 
of ayfivm were diluted so that they contamed from 0 26 to 1 unit pei ml and 
their activity was compared with that of the standard preparation 

Medium and conditions of culture 

The organism was grown m a potato-dextrose medium prepared m the follow- 
ing manner King Edward potatoes were peeled, diced and steamed m tap watei 
for one hour The resulting mixture was filtered through lint, and glucose was 
added to the filtrate Two hundred g of potatoes and 10 g of glucose were used 
foi each htre of final solution The initial pH of the medium was close to 7 0 

The medium was distributed m glass culture vessels of the type described by 
Clayton, Hems, Robinson, Andrews and Hunwicke (1944) Each vessel contained 
500 ml of medium, which formed a layer 2 5 cm deep , the use of shallow 
layers of culture fluid appeared to be essential for good yields of the antibiotic 

After autoclaving for 30 nnnutes at one atmosphere the medium in each vessel 
was seeded with about 2 ml of a 24-hour broth culture of A-5 It was found 
advantageous to use large mocula, and each vessel received 2 to 3 ml of a 24-hour 
shaken flask cidture of the orgamsm m heart extract broth ' 

The seeded vessels were incubated at 37° C The antibacterial activity of the 
culture fluid reached a maximum of from 4 to 8 umts per ml after 5 to 6 days 
The final pH of the medium was about 7 2 

FURTHER OBSERVATIONS 

Crude ayfivm was extracted from the culture fluid obtained by growing A-5 
m potato-dextrose broth (Sharp, Amagada, Newton and Abraham, 1949) The 
material was found to inhibit the growth of certain gram-positive bacteria in 
high dilutions and to have a relatively low acute toxicity to mice (Amagada, 
Florey, Jennings and Walhnark, 1949) It was therefore thought desirable to 
produce ayfivm m larger quantities and to make a fuller investigation of its 
chemical and biological properties By arrangement with Dr D W Henderson 
large batches of active culture fluid were supphed by the Ministry of Supply 
Microbiological Research Department at Porton Hills, Belton and Blatcliley 
(1949) found that low yields of the antibiotic were obtained in medium prepared 
from some batches of potatoes, and they devised a sjmthetic medium v Inch vas 
more suitable than potato-dextrose broth for the production of ayfivm on a large 
scale 
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SUMMARY 

A strain of B hchemfoi mis isolated from a contaminated culture of Myco 
tuberculosis produces an antibiotic when grown in shallow laj^ers of potato- 
dextrose broth The antibiotic has been named ayfivin 

We are giateful to Miss R Callow and Miss J Davidson for teehmeal assistance 

The Medical Research Council provided grants towaids teehmeal assistance 
and the purchase of materials 
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Ayfivin is an antibiotic produced by a particular strain (A-5) of Bacillus 
lichemformis (Amagada, Savage, Abraham, Heatley and Sharp, 1949) The 
present work deals with the development of a chemically defined medium suitable 
for the production of the antibiotic m bulk Potato-dextrose medium had given 
good results when made from King Edward potatoes which had been stored for 
6 to 10 months after harvesting (March to July, 1947), but, when this supply was 
exhausted, new potatoes of the varieties available at the time, or even Bang 
Edwards available later, gave only 25 per cent or less of the activity yielded by 
old King Edwards The development of a reproducible medium, not subject 
to seasonal variation, was thus not only of importance for work on the bio- 
chemistry of antibiotic formation, but became an urgent practical necessity 
29 
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METHODS 

In general, the techniques were those used by Belton, Hills and Powell (1949) 
in work on a chemically defined medium for the production of hchemformm by 
a different stram of B hchemfomns, with modifications as follows 

Maintenance of cultures 

Spore suspensions were produced by growth on CCY agar (Gladstone and 
Fildes, 1940) for 4 days at 37° 0 The growth was washed off in distilled watei 
to give an opacity of 25 to 50 (Brown’s standards) After heating at 60° C for 
90 mm to lull vegetative forms the viable count was 2 to 5 X 10 9 spores per ml 
Such spore suspensions were prepared in quantities required for inoculation during 
3 to 6 months and were stored m the refrigerator Samples of the first suspension 
produced were also dried and stored m vacuo to preserve the stram m a form which 
had had as few subcultures as possible from the state m which it was originally 
received from Oxford 

Culture media 

Potato-dextrose — Batches of 45 1 were made by scrubbmg 20 lb King Edward 
potatoes, chipping and suspending m double muslin bags m 36 1 tap water in a 
15-gallon enamelled iron tank After standing overnight the tank was steam 
heated at 90 to 100 ° C for 1 hour The bag of potato residue was removed and 
450 g glucose monohydrate was added to the hquor, together with tap water to 
restore the volume to 45 1 The pH was about 7 and was not adjusted further 
After standing for 30 minutes the fluid was filtered through one layer of hnt or 
two layers of gauze, distributed m 2 1 conical flasks (1 1 per flask) and autoclaved 
at 7 lb /in 2 for 30 minutes 

Chemically defined media — Ammonium salts and various sources of carbon, 
as described m the text, were added to a salt mixture containing H 0 PO 4 -HPO 4 ', 

6 niM , citrate, 1 7 niM , Mg + + , SO4’, 4 mM , Ee + + + , 70 [j.m , and Mn + + , 13 pM 
At first citrate was added as sodium salt (0 5 g /I ) and phosphate as K 2 HP0 4 
(1 g /I ), but later it was. found desirable to modify tins procedure (p 434) The 
pH was adjusted to 7 2-7 4, but usually fell during autoclaving at 12 5-15 lb /m 2 
for 20 minutes and was within the range 6 6-7 4 (glass electrode) at the time of 
inoculation 

The chemicals used were not specially purified, but were of laboratory grade, 
available in quantity for moderate scale production 

Conditions of cultivation 

All cultuies for production of antibiotic ivere incubated at 37° C in stagnant 
liquid media, the average depth bemg 10 mm Pilot experiments were carried 
out with 15 ml quantities m 50 ml conical flasks Production was with 1 1 
units in covered enamelled steel trays of dimensions about 25 x 40 cm 

In flasks the most convenient method of inoculation was to add 10 6 spores/m 1 
to the basal medium m bulk, followed by aseptic distribution Separate flasks 
were used for each sample to be assaj^ed, since it was found that disturbance of 
the pellicle lyy sampling led to irregular results on continued incubation On the 
larger scale, the inoculum was pipetted into each tray in the hot room, followed 
by aseptic pouring of the culture medium, which had been sterilized separately 
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in resistance glass flasks Tlie trays were not subsequently moved before reaping 
On tins scale, sampling was possible without moving the tray and without appre- 
ciable disturbance of the pellicle A proportionate inoculum of 10 8 spores per 
tray was unsatisfactory with the synthetic media, owmg to the establishment of 
conta min ating moulds durmg the long lag phase The lag was reduced and con- 
tamination avoided by using an overnight vegetative culture (10 ml /tray) m 
tryptic beef digest broth (T M B ) 

Assay of antibiotic activity and its accuiacy 

Ayfivm — The cyhnder-plate technique was used as developed by Amagada 
et al (1949), except that tryptic beef digest agar (TMA) was used in place of 
Lemco agar The test organism was the Oxford stram of Gorynebactenum xerosis , 
and standard preparations of the active material were also supphed by the Oxford 
workers 

All unknowns were assayed at two or three levels differing by twofold steps 
with at least three cups at each level In single assays the standard was used 
at 0 5, 10 and 2 0 units /ml , and was treated similarly to the unknowns In 
multiple assays an extra level of standard, 0 25 units/ml , was used and more 
cups were used at each level Each cup contained 0 15 ml sample, and steps 
were taken to compensate for systematic errors arising from the tendency to 
smaller zones near the pomt of drainage of the surface inoculum (Heatley, 1944) 
Bias was also recognized in multiple assays due to the cups not bemg filled simul- 
taneously Brownlee, Delves, Dorman, Green, Grenfell, Johnson and Smith 
(1948) compensated for this effect in streptomycm assay by an appropriate order 
of filling In the present case a correction was determined This was preferred, 
since, even for 12 assays set up together, it did not exceed ±04 mm in the 
diameter of a zone, with a coefficient of variation of 20 per cent The standard 
error of the deviation of each zone from the linear regression of zone diameter 
on log dilution was 0 5 to 0 9 mm (based on 25 to 125 degrees of freedom and not 
constant from day to day), so that the minimum significant difference between 
the zones for two assays, each the mean of six cups, was 0 6 to 11 mm It is 
apparent that although the correction for the time of plating may be important, 
the error of its determination was an unimportant part of the total error and was 
usually negligible 

Interpretation of data was usually earned out by graphical methods In 
those cases where statistical examination was done, it was found that the slope 
of the regression line was not constant from day to day (6 5 to 8 5 mm change m 
diameter for ten-fold change in dilution) Owmg to association of greater 
deviations from regression with the steeper slopes, the accuracy of the deter- 
mined potencies was relatively constant, the significant difference bemg 20 to 25 
per cent of the larger value for assays based on six cups per sample earned out 
at the same time with plates of the same batch For samples which were not 
compared directly, but only m terms of a standard preparation, due to determina- 
tion at different times, the significant difference becomes about 33 per cent of the 
activity of the more potent matenal 

Lichemforvim — Assays were earned out by dilution m tryptic beef digest 
broth (T M B ) as desenbed by Callow, Glover, Hart and D i ll s (1947) with Myco- 
bacterium phlei as test organism (Mill Dill stram) The method is unsuitable for 
detection of diff erences m potency less than two-fold (Belton et al , 1949) 
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Chemical analysis of culture media 

Sugar was determined by the method of Hagedom and Jansen (1923), aftei 
hydrolysis, if necessary, with 0 25 N HC1 10 mm at 100° C , lactate by the method 
of Fried emann and Graeser (1933) and ammonia using the still designed by 
Markham (1942) 

RESULTS 

When work was begun on the A-5 strain of B licheniformis, hchemfoimm 
(Callow and Hart, 1946 , Callow, Glover and Hart, 1947 , Callow, Glover, Hart 
and Hills, 1947) was known to be produced by another strain (now NCTC No 
7072) The synthetic medium for hcheniformm production (Hart and Hills, 
1947 , Belton et al , 1949) gave less than 1 ayfivm urnt/ml with the A-5 strain, 
while potato-dextrose then gave 2 to 4 umts/ml The kcheniformm-like activity 
given by the A-5 strain, however, was 700 dilution umts/ml m the synthetic 
medium and only 90 umts/ml m potato-dextrose The mverse relationship 
between the antibacterial activities of the two cultures of the same strain on 
different media, when compared by different methods, suggested that the principal 
activities are due to different antibiotics Since the NCTC No 7072 strain 
behaved similarly to the A-5 stram on both-media, it is evident that the produc- 
tion of ayfivm or hchenffonmn-like materials is controlled largely by the nature 
of the medium rather than the stram Although both are identifiable as B licheni- 
formis by the criteria of Gibson (1944), e g in failure to liquefy gelatm and capacity 
for anaerobic growth, the similar behaviour m antibiotic production is unlikely 
to be due to a common origin , they are easily distinguishable m colonial form, 
A-5 producing irregular mucoid colonies, 2 to 5 mm m diameter on T M A at 
22 hours, while on the same medium NCTC 7072 produces smooth colonies at 
16 hours, later giving rise to petal-hire outgrowths which coalesce to form a diy 
ladially striated periphery 4 to 7 mm m diameter (Fig 1) 

Modification of Potato-dextrose 

This medium usually had 22 5 to 26 5 mg / 100 ml total N (16 to 19 mw) and 
1 6 per cent total solids, including 1 per cent dextrose The synthetic medium, 
on the other hand, had about 60 imu NH 3 and 110 mM total lactate, corresponding 
to a sohd content, including inorganic salts, of 1 65 per cent The low N content 
of the former medium accounted for the production of ayfivm, since addition 
of 100 him ammonium chloride reduced the peak titre by 50 per cent (Table I), 
while leplacement of the glucose by 100 nuu ammonium lactate, to supply the 
same amounts of C and N as the glucose and ammonium chloride respectively, 
reduced the titre by 85 per cent Part of the effect m this case, however, may 
have been due to the high pH developed m the medium at an early stage, since 
replacement of the glucose by its C equivalent of sodium lactate led to a 70 per 
cent fall in the maximum, titre with a rapid fall subsequently, and an even higliei 
final pH Improvements m the techmque of preparing the potato extiact led 
to luglier hcheniformm titres than were observed in the preliminary experiments 
described previously, and these tended to be stabilized at a high level, rather 
than to fall w hen additional sources of N and C were supplied together In 
contrast, ayfivm production tended to show a more definite peak, falhng rapidly 
if alkaline conditions developed with pH exceeding 8, and the Inghest peak values 
were observed with a high concentration of C source relative to the N supply 



British Journal of Enperimpntal Pathology 


Vol XXX No 5- 


/ 



/ 





X 


i 


a 



*• 

» • 

« 



b 

Fio 1 — Bacillus hchemforims 22 hours on tryptic beef digest agar a Strain A "5 

XCTC No 707 2 


b ■'train 


Hills Belton and B!atchle\ 




PRODUCTION OP AYPIVIN 


431 


'Table I — The Effect of Additional Sources of G and N on Ayfivm Production in 

Potato Extract 

The concentration of all additions was 100 mu, except glucose, 50 mM 


Additions 


Days 

f 

None 

NH 4 C1 

A 

m „„ Glucose 

Glucose + 

Ayfivm, units /ml 

nh 4 

lactate 

Na 

lactate 

2 

( 

5 

— 

12 

10 

2 

% 

6 

4 

4 

2 

22 

10 

2 

7 

6 

3 

2 

16 

9 

3 

2 

8 

2 

— 

16 

8 

2 

1 




Lichemformm, umts/ml 

A 



4 

300 

700 

1500 

800 

1000 

800 

6 

450 

400 

1000 

1000 

1250 

450 

8 

450 

— 

500 

1250 

1250 

450 


PH 


2 

C 

80 



6 9 

6 9 

83 

^ 

86 

4 

9 0 

8 3 

8 3 

7 8 

9 0 

9 4 

6 

89 

80 

85 

7 7 

8 9 

9 7 

8 

90 

— 

8 7 

7 5 

88 

9 7 


Modification of the Synthetic Medium- 
Proportion of N to C 

Reduction of the proportion of ammonium lactate from 55 per cent to 20 per 
cent of the total'lactate raised the peak ayfivm titre at 4 to 6 days from 2 to 5 
units/ml , but the pH was then 9 2 and the titre subsequently fell considerably, 
as expected from the results with potato media Replacement of the 100 mat 
sodium lactate m the modified medium by 50 mM glucose gave a peak titre of 
14 units /ml at 4 to 8 days, falling to 9 and 5 umts/ml at 10 and 12 days 
respectively, the pH falling from 8 7 to 8 4 during these latter stages of 
mcubation 

It thus appeared that it was possible to reach ayfivm titres in a synthetic 
medium appioachmg those previously reached in potato dextrose Experiments 
on the optimum concentrations, however, soon showed that even higher titres 
were possible The actual concentration appeared to be of less importance than 
the ratio of C/N, the optimum bemg m the region of 10 to 15 Various difficulties 
were encountered m attemptmg to determine the optima with precision Thus 
when the constituents of the medium to be varied were autoclaved separately 
and mixed aseptically, growth was initiated with difficulty, especially at high 
glucose concentrations, so that with 120 mM glucose (2 4 per cent) and 10S mM 
ammonium lactate only 3 out of 5 flasks inoculated showed good growth in 4 days, 
v hile with 160 mM glucose and 144 ulm ammonium lactate 1 out of 5 flasks showed 
growth m 4 days, and with 200 mM glucose and 180 mM ammonium lactate only 
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1 flask showed the first signs of growth at the 11th day and only 3 flasks had 
visible growth by the 19th day On the same medium, however, all cultures 
which grew gave the same titre when tested after the same period from the 
initiation of visible growth, the optimum bemg 30 units /ml or over aftei 4 to 6 
days visible growth with 120-200 mai glucose This irregular growth was seen 
with media made up m either tap water or distilled water, and was reduced by 
adding starch equivalent to 40 mM glucose It was el imin ated completely by 
autoclaving the tap -water medium after mixing all constituents 

Conti ol of pH 

This was important smce little antibiotic was formed before the initial acid fer- 
mentation had ceased and the medium had returned nearly to neutrahty , on 
the other hand, a lngh final pH was to be avoided because of the instability of 
the active material on incubation m alkaline media These considerations had 
given no difficulty during production on potato-dextrose, smce the pH at the time 
of reaping was usually 6 5 to 7 5 In the synthetic medium, however, the pH 
was usually 8 to 9 before the maximum titre was reached and it was considered 
that this might be the limiting factor in reaching high titres Control of pH was 


Table II — The Effect of Bujfei Concentration on Ayfivm and Lichemformm 

Production m Synthetic Media 

The C and N sources were approximately 120 nrn glucose and 110 mM 

ammonium lactate 

mM K.HPOj 

Days , n 

6 12 25 


Ayfivm, per cent geometric mean at 4 
to 0 days with 6 mM K s HP0 4 


-A. 


2 

f 

7 

3 

0 

3 

78 

55 

36 

4 

107 

92 

87 

5 

L03 

74 

82 

6 

90 

66 

67 



Lichemformm, uruts/ml 



r 



4 

1500 

800 

800 

5 

1500 

600 

800 

6 

1250 

800 

1000 


pH 



t — 



0 

6 9 

7 0 

7 1 

2 

6 1 

62 

6 5 

3 

7 6 

7 7 

6 9 

4 

8 6 

8 6 

84 

5 

S 9 

8 9 

8 8 

6 

8 9 

9 0 

8 9 
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not easy m media containing such high concentrations of glucose (4 per cent) as were 
found to he optimal Increase of buffer concentration to 4-fold merely delayed 
antibiotic production in certain media by retarding the return to neutrahty after 
the initial development of acidity (Table II) At 3 days the titres were signifi- 
cantly lower both with 12 m.M buffer (P = 0 98) and with 25 m.M (P> 0 999) 
Although CaC0 3 was better in reducing the initial development of acidity, and 
possibly allowing an eaiher reapmg, it was still necessary to determine the optimum 
reaping tune with precision to avoid the rapid decline due to the subsequent 
development of alkalinity 

Attempts were made to control the initial development of acidity by replacing 
the glucose partly or wholly by less rapidly fermented carbohydrates, starch, glucose 
and maltose, as with lactose in penicillin production No significant effect was 
observed with starch Table III shows that over the period 4 to 7 days, suciose 


Table III — The Effect of Different Sugars on Ayfivm Production 


The ayfivm titres are expressed as per cent of the relatively constant 
value with sucrose at 4 to 7 days (geometno mean) The values given 
are the geometric means for 2 experiments except at 7 days, where results 
from only one experiment were available The observed differences 
between the values for the two experiments at 4, 5 and 6 days, excluding 
the small assays with lactose, showed no significant heterogeneity of 
variance (Bartlett’s test , P = 0 4), and a pooled estimate, based on 21 
degrees of freedom, was used m estimating the significance of differences 


Ayfivm, as 
Concentra , 


Sugar 

tion, HLM 

4 days 

6 days 

Glucose 

100 

46 

86 

Sucrose 

50 

87 

97 

Maltose 

50 

52 

55 

Lactose 

50 

1 

9 

Glucose 

50 

41 

48 

Glucose 

50 



+ sucrose 

25 

56 

96 

Glucose 

60 



+ maltose 

25 

66 

96 

Glucose 

50 



+ lactose 

25 

25 

34 


per cent that with sucrose Probability of 

- — A - — , lower geo- 


6 days 

7 days 

Geometric 

mean 

metric mean 
due to chance 

85 

60 

68 

0 01 

119 

100 

100 

— 

33 

56 

47 

<0 001 

5 

32 

7 

<0 001 

40 

25 

39 

<0 001 

105 

93 

85 

0 15 

106 

79 

85 

0 15 

33 

25 

29 

<0 001 


was, on the whole, significantly better than its C equivalent of glucose (P = 0 99), 
mainly due to the earher development of high activity , the apparent earlier 
decline with glucose was probably not significant (P = 0 07) Lactose, as would 
be expected from fermentation tests m the Bacillus group, was not an effective 
souice of C Mixtures of glucose with either sucrose or maltose were not signifi- 
cantly different from either sucrose (P = 0 3) or glucose alone (P =0 18) Sub- 
sequently, when media were developed m which a high final pH u as either avoided 
or delayed, sucrose showed no consistent advantage over glucose 

Tins control of pH made use of the observation that cultures with ammonium 
chloride as sole source of N became very acid (pH < 5) and produced no anti- 
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biotic If the amount of N supplied as ammonium lactate was insufficient and 
the remainder was supplied as ammonium chloride, a suitable balance of these 
two salts ensured a final pH which did not rise above 7 (Table IV) No improve- 
ment m the peak antibiotic titre occurred, however, until the sodium citrate and 
potassium phosphate of the basal medium were replaced by the acids or then 
ammonium salts, the adjustment of the initial pH of the medium bemg made with 
ammonia rather than NaOH Na + and K. + were supphed as chlorides 

Table IV — The Effect of Ammonium Chloride on Antibiotic Production and pH 

Changes 


All media had 200 mM glucose 

Medium A 
1 7 mM Na 3 citrate 

5 0 mu K. H P0 4 


Medium B 

1 7 mM Am, citrate 
5 0 mM NaCl 

6 0 mM Am, HP0 4 
10 0 mM~KCl 


Ammonium f Chloride 
salts, mM I Lactate 


33 33 0 

40 80 80 


33 33 0 

40 80 80 


Ayfivin, umts/ml 


Optimum concentrations of glucose and ammonium lactate 

These optima w ere interdependent as show n in Fig 2 to 4, w r hich incorporate 
the results of 7 independent experiments Fig 2 shows the concentrations, m the 
presence of ammonium chloride, at winch the maximum titres equalled or exceeded 
10, 20 and 30 Oxford umts/ml respective^ In order to avoid giving excessive 
w eight to exceptionally high assays, the maximum has been taken as the geometric 
mean of the tw o consecutive highest daily titres in the period 4 to 6 days, or the 
geometric mean of all three where these did not differ significantly At low concen- 
trations of glucose and ammonium lactate, the maximum w as reached in 4 to 5 
days, while at lngh concentrations 5 to 6 days were usually necessary Fig 3 
and 4 show some of the actual xmlues observed, as opposed to the Inmts wathin 
which they occur, at selected concentrations With glucose concentrations m 
the neighbourhood of 125, 200 and 265 mu, the optimum ammonium lactate 
concentrations were 35, 50 and 80 mM respeetivety, but the upper limit was not 
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Fig 2 — The effect of glucose and ammonium lactate concentrations on ayfivrn production m 
the presence of ammonium chloride Less than 10 units/ml x , 10-20 units/ml A 

(single obs ) , ^ (two identical observations) , 20-30 units /ml + , over 30 units /ml □ 
The curves show the concentrations at which the maximum yields were 10, 20 and 30 units /ml 



Fig 3 — Optimum ammonium lactate concentrations for avfi\ in production at different 
glucose concentrations in the presence of amm onium chloride Glucose concentration 
(mu) 125 + 200 □ , 205 A 
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sharply defined, except possibly at the highest glucose concentration (Fig 3) 
The optimum glucose concentration was more definite (Fig 4), and mei eased only 
from 190 mM to 260 M as the ammonium lactate concentration increased from 
40 to 80 mil, but the titres were most sharply limi ted by excess glucose at lov 
lactate concentrations These critical concentrations extended from the region 
of 30 mM lactate and 180 niM glucose to 45 uim lactate and 250 him glucose, so 
that combination^ of lactate and glucose concentrations, lower and higher respec- 
tively than this boundary, gave practically no antibiotic due to acid formation 
(pH 4 5 or less) which was not reversed on further incubation 



Fiq 4 . — Optimum glucoso concentration for ayfivm production at different ammonium lactato 
concentrations m the presence of ammonium chloride Ammonium lactate concentration (mm) 40 

+ , 80 □ 

Consumption of Nutrients 

Table V shows the consumption of glucose and ammonia m parallel with ayfivm 
formation and pH changes at a mm onium lactate concentrations 28 to 89 mM with 
appioximately ISO mM glucose (Exp 1) and with 45 mM ammonium lactate and 
163 to 285 mM glucose (Exp 2) Exp 1 also shows the changes m lactate con- 
centrations m some cases Although much of the glucose was consumed before 
lugh ayfivm titres were reached, at least 10 pmol/ml usually remained at the 
time of maximum antibiotic production Consumption uas delayed at glucose 
levels above ISO mM and considerably so at 285 mM Ammonia consumption, 
on the other hand, was less influenced by its initial concentration or that of glucose, 
except at lugh glucose levels (2S5 him) m the presence of insufficient ammonium 
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Table V — The Consumption of Nutrients during Ayfivm Pi oduction 


Experi- 

All media contained approximately 30 mM ammonium chlonde 

Initial concentra Change m nutrients 

tion (mu) (p mol /ml ) 

A A Trfixnn -A _ . _ 


r 

A 


1 1 V 111 

( 


NH, 


ment 

Glucose 

Lactate 

Days (units /ml ) 

Glucose 

Lactate 

pH 

1 

180 

28 

0 

— 

— 

— 

— 

7 5 




3 

3 

-101 

+ 17 

-34 

5 1 




5 

4 

-162 

+ 19 

-34 

4 6 


180 

36 

0 

— 

— 

— 

— 

7 2 




3 

15 

-143 

+14 

-45 

5 5 




5 

21 

-171 

—12 

-66 

5 1 


180 

49 

0 

— 

— 

— 

— 

7 4 




3 

23 

-148 

-1 

-52 

5*8 




5 

40 

-172 

—30 

-69 

5 3 


180 

89 

0 

— 

— 

— 

— 

6 7 




3 

8 

-113 

— 

-46 

6 5 

- 



5 

22 

-171 

— 

-82 

8 2 

2 

163 

45 

0 

— 

— 

— 

— 

69 




3 

4 

-104 

— 

-39 

60 




5 

31 

-151 

— 

-60 

5 0 


205 

45 

0 

— 

— 

— 

— 

6 8 




3 

5 

-90 

— 

-35 

6 1 




5 

27 

-186 

— 

-59 

5 9 


285 

45 

0 

— 

— 

— 

— 

6 7 




3 

3 

-36 

— 

-23 

6 2 




5 

3 

-156 

— 

-40 

4 7 


lactate (45 dim) to allow antibiotic formation Good antibiotic titres were reached 
with a consumption of glucose of 150 to 190 fxmol/ml and of ammonia 60 to 80 [xmol/ 
ml At these levels lactate consumption was 10 to 30 pmol/ml , but was replaced 
by accumulation of lactate where the utihzable ammonia was inadequate in 
relation to the available supply of glucose It may be concluded that about 15 
atoms of 0 were required for the utilization of 1 atom of N under conditions where 
good ayfivm production occurred 

Application to Production 

Before conditions were found for preventmg the final alkaline drift of the culture, 
production of 200 1 batches was begun on a synthetic medium containing 32 g glu- 
cose monohydiate and 22 5 ml 50 per cent ammonium lactate per 1 Analysis of the 
autoclaved medium gave about 155 mM glucose, 125 mM lactate and 145 m>i 
ammonia The assay of 10 consecutive batches, ranging from S 0 to 13 4 units/ 
ml , had a geometric mean of 10 26 Of these batches, 5 reaped at 4 days gave 
a geometric mean of 10 33 not significantly different (P ^ 0 9) from the 10 19 
for 5 reaped at 5 days These values were also not significantly different from 
that observed with potato-dextrose medium, 10 1, in 28 consecutive batches, 
rangmg from 6 5 to 14 7 units /ml The glucose concentration m the synthetic 
medium was believed to be suboptimal, but higher concentrations vere avoided 
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"because they delayed growth, allowmg contammatmg moulds to become established 
a problem which was serious withahght spore seedmg,but which was overcome 
by the use of a heavy vegetative inoculum In smaller ahquots (15 ml /50 ml 
conical flask) there was a nse m titre after the 4th day to about 23 units /ml. at 
5 and 6 days, but in larger cultures with the same average depth of medium the 
values were falling at 6 days The reasons for this disciepancy have not been 
investigated 

E ollowxng the use of ammonium chloride to control the final pH of the medium, 
higher titres were reached on the larger scale approaching those reached m small 
flasks The optimal concentrations of a mm onium lactate and glucose weie 
found to be similar to those previously observed on a smaller scale and K + was 
found to be essential, but not Na + The optimal concentration of KC1 was 
reached at 7 mi (Table VI) , m Exp 1 lower yields of antibiotic were observed 
at 2 mi, both with and without Na + , but Exp 2 showed no sig nifi cant hetero- 
geneity with 5 concentrations from 2 to 16 mar (P = 0 35 for 4th day) 


Table VI — Optimum Potassium for Ayfivm Pi oduction 

Ayfivm, units /ml with — 


Experiment NaCl (mM) 

Days 

2 

4 

7 

10 

10 miiKCl 

1 0 

4 

12 

— 

21 

— 


21 


5 

12 

— 

21 

— 


17 


6-7 

7 

— 

22 

— 


17 

11 

4 

14 

— 

26 

— 


— 


5 

18 

— 

29 

— 


— 


6-7 

10 

— 

26 

— 


— 

2 7 

4 

12 

16 

17 

12 


16 


5 

18 

15 

15 

16 


16 


6-7 

21 

17 

20 

17 


21 

The medium finally adopted therefore had the 

following 

composition 



Glucose monohydrate 

44 g 

Ammonium lactate (5 25 M) 

10 ml 

MgS0 4 7HoO 

1 g 

Iron ammonium citrate (1 7 per cent) 

1 ml 

MnS0 4 4H 2 0 (0 3 pei cent) 

1 ml 

Ammonium chloride 

0 6 g 

Sodium chloride 

0 4 g 

Potassium chloride 

0 4 g 

Phosphoric acid (sp gr 1 75) 

0 3 ml 

Citnc acid 

0 3 g 

Ammonia (sp gi 0 S80) 

approx 


Dissolved in tap water 
and made up to 1 1 


7 3 to 7 4 


After autoclai'ing (12 5 to 15 lb /m 2 for 20 minutes), the analytical figures were 
105-205 mar glucose, 54-57 mar lactate and 75-90 mar ammoma, pH G 3-7 3 
The figures for lactate were leproducible only if the strength of the commercial 
50 per cent W /W solution was standardized before use Analytical control of 
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the other components was not found to be essential since the concentrations 
were not critical 

After reaping at 5 days, 5 consecutive batches, ranging from 12 to 32 units/ml , 
gave a geometric mean of 20 8 significantly greater (P = 0 99) than either the 
earher synthetic medium or potato dextrose At 4 days, although high titres 
were sometimes reached, the geometric mean, 12 8 umts/ml , was not significantly 
higher than that with earher media, owing to the scatter, 6 6 to 35 units /ml , of 
the observations An y improvement which occurs on further incubation is 
relatively small, so that not less than 10 to 20 batches would be necessary to 
establish it with a high degree of probability 

Differentiation of Ayfivm from Inchemformm 

Although lichemfomun titres of 1500 units/ml , as high as any previously 
observed, were reached in some media designed for ayfivm production (Table II), 
the ratio of hchemformm units to ayfivm units never exceeded 50, compared with 
about 1000 for a purified sample of hchemformm supplied by Dr B K Callow 
In the medium finally adopted, a ratio 3 was more usual and even lower values 
were observed Although the cultures were thus practically free from hchem- 
formm (and even the small activity which was observed against the hchemformm 
test organism may not have been due to the same active principle), it was 
desirable to establish the differentiation on a firmer basis 

Table V33 shows the relative effects of Seitz -filtration and autoclaving, both 
at pH 2 5 on the activities of culture fluids for hchemformm and ayfivm pro- 
duction, and of punfied preparations The samples were assayed by the cylinder- 
plate technique against G xerosis Lichemfomun showed a variable loss on 

Table VII — The Effect of Seitz- filtration and Autoclaving on Activity of Ayfivm 
and Lichemformm-hLe Preparations 

Filtration and autoclaving were earned out at pH 2 5 and the samples 
were readjusted to pH 7 before testing In filtration, 10 ml were passed 
through a Ford Stenmat SB 3 6 cm m diam Autoclaving was at 10 lb / 
m 2 for 12 5 mm 

Assays were earned out by the cylinder plate technique with C xerosis 
as test organism 

Per cent recovery 

Antibiotic Type of preparation 

Ayfivm ( g 1 *”!?, flmd „ „ 

1 Partially punfied* 

! Culture flmd, A-5 strain, 875 units /ml 
Flmd from autoclaved culture, A-5 
strain, 2000 units/ml 
Partially punfied 

* From Dr E P Abraham, School of Pathology, Oxford, and used at 0 5 mg /ml =11 Oxford 
umts/ml 

t From Dr R K Callow, National Institute for Medical Research using strain N C T C 7072 
The concentration was 1 -0 mg /ml = 5000 dilution umts/ml 

t From Mr L H Kent and Dr B T Tozer of this department using strain A 5 The concen- 
tration was 0 2 mg /ml = 1000 dilution umts/ml 


Filtered 

Autoclaved. 

86 

49 

87 

58 

59 

229 

91 



95f 

104y 


901 
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filtration The autoclaved culture fluid and punfied preparations, which had 
been isolated from fluid which had been boiled, both showed no significant loss 
Unheated culture fluid, however, showed about 40 per cent loss At present it 
is not known whether this discrepancy is due to a change m the nature of the 
material, or whether it is merely due to the increased amount which appears to 
be produced m the culture fluid as a result of heating Apart from this increase, 
changes on autoclaving were insignificant With ayfivm, on the other hand, there 
was about 15 per cent loss on filtration under the conditions used and about 50 
per cent loss on autoclaving 

The two antibiotics also differ m their diffusibility in agar and in their anti- 
bacterial activity agamst various test organisms Thus, although good culture 
fluids for the preparation of either antibiotic inhibit 0 xerosis m broth at a dilu- 
tion of about 1 /2000, fluids for ayfivm production must be diluted 20- to 40-fold 
to give the same size of zone as 1 unit/ml Oxford standard in the cylinder-plate 
assay, while hchemfomun culture fluids give the same size of zone without dilu- 
tion These additional dilution factors should be borne in mind in considering 
the inhibitory dilutions agamst various test organisms of preparations standar- 
dized by the cylinder-plate method (Table VIII) The correspondence between 
those values given for C xerosis m broth and on the surface of agar shows that 
the differences between the values for ayfivm and hchemformm for this orgamsm 
are due to different rates of diffusion, and not to a different tj^pe of action agamst 
organisms m broth as compared with those grown on the surface of agar There 
is good agreement, within the limitations of the methods, between the values 


Table VIII — Antibacterial Activity against C xerosis and strains oj Myco plilei 
of Ayfivm and Lichemformm-hle Materials Standardized by Diffusion Method 

All materials were sterilized at pH 2 5 either by Seitz-filtration or by 
autoclaving 12 mm at 10 lb /m 2 and were adjusted aseptically to pH 
6 5-7 5 before testing The preparations were the same as those of Table 

vn 

The diffusion unit is the amount of material per ml of a solution 
which gives the same size of zone, m the cylinder plate assay with C xerosis, 
as 1 unit /ml of an Oxford standard of ayfivm 

The dilution unit is the amount which m 1 ml culture medium just 
inhibits a chosen test organism Culture media were tryptic beef digest 
agar (T M A ) and tryptic beef digest broth (T M B ) 

The range of the ratio dilution umts/diffusion units is given for at 
least four independent observations 


Ratio, dilution units /diffusion units 


-A- 



Cornnebademim icrosit 

Jllicobnctrnum phlei 

Antibiotic 

At fivm 

TXLA 

TMJ3 

XCTC 
Xo 1471 

X 31 B 

Mill Hill 

TUB 

XCTC 
Xo 525 

T MB 

Culture fluid 

— 

90-120 

30-110 

4-40 

2-15 

Partially punfied 

Licheruformm 

40— IS 

40-160 

20-SO 

1-15 

0-1 

Culture fluid, A-5 strain 

— 

400-1200 

S00-2000 

200-1400 

800-1600 

Partially punfied, A-o strain 

600-2000 

800-2000 

2500-4000 

450-000 

1600-2400 

Partially punfied, N C T C No 
7072 

900-1100 

600-3000 

600-5000 

350-1200 

1000-7500 
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for culture fluids and. tlie corresponding purified materials, showing little quali- 
tative change as a result of isolation The hcheniformin from strain A-5 is similar 
to that from NCTC 7072, both inhibiting the strains of Myco phlei used, at 
dilutions httle different from those inhibiting G xerosis With ayfivm, on the 
other hand, the Mill Hill stram is relatively resistant and N C T C 525 is quite 
resistant, except to culture fluids which may contain traces of hcheniformin 

DISCUSSION 

The mam finding of this work is that the antibiotic activity of culture fluids 
of Bacillus hchemformu is altered qualitatively as well as quantitatively by the 
nature of the culture medium Although other species of organism are known 
to produce more than one antibiotic, httle is known of the part played by the 
culture medium except in the case of the penicillin family, where the presence of 
derivatives of phenyl acetic acid is known to favour, under suitable conditions, 
the production of penicillins with an aromatic sideeham (Higucln, Jarvis, Peterson 
and Johnson, 1946) Preparations from different media are also stated to show T 
differences with both tyrothncm (Stokes and Woodward, 1943) and subtihn 
(Lewis, Humphreys, Thompson, Dimick, Benedict, Langlykke and Lightbody, 
1947), but the constituents responsible have not been defined With Bacillus 
hcliemformis it has now been shown that definite changes m synthetic media 
give rise to culture fluids and concentrates with different antibiotic properties, 
but it is not yet possible to account for these differences m terms of the chemical 
structures of the antibiotics concerned The effect of the medium, however, is 
not likely to be related to the presence of precursors of specific groups, as with 
the penicillin family, since the changes may be produced simply by the use of 
glucose instead of lactate as mam source of 0 with a reduction in the ratio of 
utihzable N/C from 1/6 to 1/15, the N being supphed as ammonia in both cases 
On the medium with lactate and a high N / C ratio, which had previously been 
designed for the production of kchemformin by strain NCTC No 7072 (Hart 
and Hills, 1947 , Belton, Hills and Powell, 1949), lichemformin-hke activity was 
also produced by the A-5 strain, and an active hydrochloride was isolated (Kent 
and Tozer, unpublished) by the method of Callow et al (1947) 

On the medium with glucose and a low N / C ratio, the active principle produced 
by both strains was less stable to autoclaving at pH 2 5 and less active against 
two more or less resistant strains of Myco phlei (NCTC 525 and Mill Hill), ’ 
but w r as relatively more active when assayed by a diffusion method against G 
xerosis, presumably ownng to greater diffusibility m agar Concentrates of 
material from the A-5 stram were characterized as ayfivm (Sharp, Amagada, 
Newton and Abraham, 1949) 

It is possible that the effect of the C source w T as related to the pH changes 
associated wnth its metabolism rather than the direct effect of a particular chemical 
structure Control of pH was certainly important m ayfivm production, but 
ow mg to the high concentration of glucose required, the use of buffers or chalk 
was not entirely satisfactory and periodic aseptic adjustment was impracticable 
with stagnant, pellicle-forming cultures The principle finally adopted was the 
use of balanced concentrations of acidic and basic metabolites This has already 
been apphed, m a more elaborate form, to the development and maintenance 
successively of optimum pH values, first for growth of Pemcilhum chrysogcmnn, 
and subsequently for penicillin production by the mycelium. (Jarvis and Johnson, 
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1947) Since success in the use of ammonia as source of 1ST depended on choice 
of concentration and control of pH, reported failures in the cases of other anti- 
biotics may have been due to such causes This is certainly the case with sub- 
tilni, which has now been produced with ammonia as sole source of X (Feeney, 
Garibaldi and Humphreys, 194S), m spite of earhei reports to the contrary (Jansen 
and Huschmann, 1944) With tyrothncm (Lewis, Dimick and Feustel 1945) 
although the medium was improved by supplementing FT of ammoni um sulphate 
with a smaller proportion from tryptone, good titres were only reached on this 
type of medium when citrate or malate were also added, although citrate was 
strongly inhibitory with tryptone as sole source of X The metabolism of these 
amons would counteract the acidity arising from utilization of ammonia 

In view of the importance of comparatively small modifications, siich as 
changes m concentration or rigid control of pH, m changing not only the amount 
but even the nature of the antibiotic produced by Baoilhis hchenifonnis, much 
of the investigation of culture collections for antibiotic organisms may be of 
hunted value due to the use of unsuitable media Experience with B hchem- 
f or mis suggests that ordinary laboratory media designed for optimal growth tend 
either to produce httle antibiotic or to do so transiently, the opt imum tune for 
harvest being limited and variable Better results have been attained m media 
m which growth is initiated with difficulty, as with the A -5 strain at high glucose 
concentrations, and in which the nutrients are minimal for satisfactory growth 
Consequently we are inclined to favour the view that antibiotics may be either 
by-products of metabolism or products of incomplete metabolism winch do not 
accumulate under conditions most favourable for the producing organism An 
analogy is furnished by diphtheria toxin production winch is optimal at Fe con- 
centrations suboptimal for growth (Pappenheuner, 1 947) The detailed mechanism 
by which the medium influences the nature of antibiotic formation has not so 
far been studied Apart from a direct chemical effect on metabolism, the possi- 
bility arises of causing mutation or of favouring the selection of particular variants 
v Inch may pre-exist m the inoculum Investigation of this problem is being 
continued by other workers m this department 

SUMMARY 

A synthetic medium has been devised to replace potato-dextrose for pro- 
duction of the antibiotic, ayfivrn, by a particular strain of Bacillus hcheinformis 
The best synthetic medium produced 12 to 32 units /'ml m 5 days at 37° C , com- 
pared with 2 to 15 units /ml in 4 to G days on the potato-dextrose medium, subject 
to variation due to season and variety 

The conditions for ayfivin production were a high C/X ratio of 15 and main- 
tenance of pH in the region of neutrality These conditions were satisfied m 
stagnant culture in a medium containing inorganic salts 0 2 m glucose, 0 05 m 
lactate and 0 OS M ammonia 

The inorganic requirements were not studied in detail but K - was shown to 
be essential at a concentration of not less than 2 ium (80 p p m ) and Fe" - ~ , 2Ig 
and Miw " were always added 

On a similar medium with a lower C/X ratio of 6, and C supplied as orgamc 
anions which were metabolized to give a high pH a different antibiotic v as pro- 
duced with hchemfomim-hke characteristics shown b\ lower diffusibihty m agar, 
greater stability and greater potency against some strains of Mycobacterium phlci 
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The production of ayfivm by the strain A-5 of B hchemformis has been 
described by Arriagada, Savage, Abraham, Heatley and Sharp (1949), who grev 
the organism in potato-dextrose broth, and by Hill s, Belton and Blatehley (1949), 
who later devised a more convenient synthetic medi um A method by which 
preparations of ayfivm Avith high antibacterial activity have been obtamed from 
the culture fluids of the B hchemformis is given m this paper The chemical 
properties of the preparations indicate that ayfivm is a polypeptide 

EXPERIMENTAL 

Extraction 

Preliminary experiments showed that ayfivm was not extracted from the 
culture fluid by common organic solvents other than butanol or phenol 
Adsorption on to charcoal was therefore used as the first step m its isolation 
Elution was accomplished by the use of a two-phase mixture of butanol and 
dilute hydrochloric acid The ajffivm m the eluate was transferred from water 
to butanol, and back to water, by appropriate adjustment of the pH of the 
solutions, and was then precipitated as a picrate 

In the course of these experiments the potato-dextrose medium was replaced 
by the synthetic medium of Hills et al (1949) No significant difference was 
noticed m the behaviour of the active material fiom the tvo types of culture 
fluid during the course of purification 

Adsorption on to charcoal 

The culture fluid was clarified m a Sharpies centrifuge and the resulting fluid 
vas stirred for 10 mmutes with about 0 75 per cent (w /v) of active charcoal 
(Famell Grade 14 neutral or Grade LS neutral) The charcoal was then separated 
in a Sharpies centrifuge or on a large filter Different charcoals varied greatly m 
their suitability , with certain acid charcoals no active material could sub- 
sequently be eluted The exact amount of charcoal used depended on the culture 
fluid The best results were obtamed vhen the amount vas sufficient to adsoib 
from 90 to 95 per cent of the activity If larger quantities were used, elution 
became more difficult and the final yield was reduced, presumably because a largei 
proportion of the antibiotic was then held on the most strongly adsorbmg centres 
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Elution 

Ayfivm was eluted by stirring the charcoal corresponding to each 100 1 of 
culture fluid with a mixture of 1 1 of %-butanol and 41 of 0 2 n aqueous hydro- 
chloric acid Butanol was adsorbed preferentially by the charcoal from the 
two-phase mixture After filtration the eluate consisted almost entirely of water 
saturated with butanol The yield of ayfivm m the eluate was from 40 to 50 
per cent of that present m the culture fluid 

The partition coefficient [ayfivm m02u HG1] /[ayfivm m %-butanol] is about 
10 In consequence, ayfivm eluted by the butanol is largely displaced mto the 
aqueous phase Here it is excluded from direct contact with the charcoal smce 
the latter is covered by a layer of butanol The use of the two liquid phases 
thus greatly favours elution 

A method of eluting substances from charcoal with a mixture of water and an 
organic solvent immiscible with water, such as benzene, was described by 
Steenberg (1944) The procedure differed from that used with ayfivm m that 
the substance to be desorbed was insoluble in the organic solvent by which it 
was displaced from the charcoal Ayfivm, which is insoluble m ether and m 
benzene, was only eluted from charcoal m very poor yield by a mixture of water 
and benzene, or water and ether 

Little ayfivm was eluted by a solution of 0 2 n HC1 saturated with butanol, 
or by butanol saturated with aqueous 0 2 n HC1 Acid ethanol was at one time 
used, but loss of activity occurred during concentration of the relatively large 
volume of solvent required for elution 

Transfer between water and butanol 

The eluate was adjusted to pH 7, saturated with sodium chloride, and shaken 
with one-fifth of its volume of butanol, which extracted the ayfivm One fifth 
of its volume of water and two volumes of ether were mixed with the extract, 
and the pH of the aqueous phase was adjusted to 2 with hydrochloric acid 
The aqueous phase, which then contained the ayfivm, was freed from dissolved 
butanol by extraction with ether, and its pH adjusted to 5 

Precipitation of crude ayfivm pier ate 

The aqueous solution was cooled in ice, and a saturated aqueous solution of 
picric acid was added until there was no further precipitate of ayfivm picrate 
The picrate was filtered and dried m vacuo 

Crude ayfivm hydrochloride 

The picrate was decomposed by dissolving it in 0 2 N ethanohe hydrochloric 
acid Ayfivm hydrochloride formed a white flocculent precipitate on adding dry 
ether to the solution It contained 20 to 30 units/mg The unit of ayfivm is 
described by Arriaga da, Savage, Abraham, Heatley and Sharp (1949) 

Furthei Purification Counter-current Distribution Between Solvents 

A number of methods were investigated for the further purification of crude 
ayfivm They included precipitation from aqueous solution by salts, chromato- 
graphy under various conditions, lonophoresis in silica gel (Consden, Gordon and 
Martin, 1946), and counter-current distribution between solvents The method 



446 YE SHARP, A ARRIAGADA, G G F NEWTON AND E P ABRAHAM 


of counter-current distribution between solvents, developed m recent years by 
Craig and his colleagues (Craig, 1944), was the most promising Some preliminary 
results with this method are described here 

AyfLvm appeared to have an isoelectric pomt at about pH 7 1, and measuie- 
ments of antibacterial activity showed that its partition coefficient between water 
and butanol varied rapidly m this region (see below) It was therefore thought 
possible that the components of crude ayfivin might be separated most efficiently 
in a system with a pH near to 7 Subsequent experiments showed a striking 
difference between the amount of resolution obtained m neutral and m acid 
solution 


Distribution between an amyl alcohol-n-butanol mixture and water or phosphate 
buffer at pH 7 

The amounts of activity found m the two phases when crude ayfivin (fiom 

0 5 mg /ml to 10 mg /ml ) was distributed between water or ^ phosphate buffer, 

at pH 7, and a mixture of amyl alcohol and 72 ,-butanol (4 1) indicated that the 
overall partition coefficient of the active material was close to unity The 
activity of crude ayfivin could be raised by eight-tube counter- current distribu- 
tions m this system Different batches of ayfivin contained va^ing amounts 
of material of low specific activity which congregated at both ends of the series 
In general, the most active fractions (of about 30 to 40 units /mg ) were found 
m Tubes 3, 4, and 6 The accuracy of the method of assay was too low to make 
an exact analysis of the results on the basis of activity Nevertheless, comparison 
of the experimental distribution curve for the activity with theoretical curves for 
a single substance indicated that the material contained significant amounts of 
three active substances A major active constituent with a partition coefficient 
close to 1 showed a maximum near the centre of the senes, while minor con- 
stituents appeared nearer the ends of the senes Different batches appeared to 
contain somewhat different amounts of the minor active constituents The 
lesults of experiments with two batches are descnbed below 

(1) Using separating funnels to hold the solvents, several grammes of crude 
ayfivin could be purified m one experiment For preparative purposes the 
matenal m each funnel was transferred to the water phase at the end of the 
distribution, by adjusting the pH to 2 with hydrochloric acid and addmg three 
volumes of ether The pH of the aqueous solutions was then brought to 5 
v ith sodium hydroxide, and the matenal from the different funnels precipitated 
111 the form of the relatively insoluble picrate 

Fig 1 illustrates the distribution of activity and of total material when one 
batch of ayfivin (Batch A) was subjected to eight transfers m a system composed 
of equal volumes of mutually saturated amyl alcohol — ?i-butanol (4 1 ) and water 
The distn button was begun with 2 g of ayfivin (22 units/mg ) and the aqueous phase 
(50 ml ) adjusted to pH 7 , the alcohol phase was mobile No change in pH 
vas detected during the distribution The matenal appeared to contain three 
active constituents, which contributed about 15 per cent, 80 per cent and 5 per cent, 
to the total activity and concentrated m the tubes near the beginning, the centre 
and the end of the senes respectively The specific activity of the major con- 
stituent m Tubes 3, 4, and 5 was about 40 umts/mg Calculations of partition 



PROPERTIES OE AYTTVTN 


447 

coefficients from the relative amounts of total material in adjacent funnels 
(Williamson and Craig, 1947) did not indicate that any of the material was 
homogeneous 

(2) The results of an eight-tube distribution on a smaller scale and with a 
different sample of ayfivm (Batch B) are shown in Fig 2 The crude material, 
which had an activity of 20 units /mg , was part of a large batch that has been 
reserved for more extensive distributions 



Fig 1 Eight tube counter current distribution of crude ayfivm (Batch A) between amyl 
alcohol n butanol (4 1) and water (pH 7) Upper phase mobile 

— X X — Dry weight 

■O O Activity 

The experiment was earned out in stoppered test-tubes The two phases, 
each of S-ml , were amyl alcohol-?? -butanol (4 1) and m/10 phosphate buffei at 
pH G S The crude ayfivm hydrochlonde (100 mg ) was dissolved m a mixtme 
contaimng rather more than 8 ml of each phase, and the pH was adjusted to 7 
■with x NaOH The volume of each phase was made up to 9 ml , and a small 
amount of insoluble matenal was removed by centnfugmg Tube 0 v as then 
filled v ith S ml of each clear layer, and the remaining 2 ml of the mixture v> as 
used for control determinations of dry v eight and activity The phosphate phase 
vas mobile At the end of the distribution 0 1 ml amounts of both phases were 
removed from each tube and added to vater (2 to 4 ml ) for determinations of 
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activity The alcohols were extracted from the solutions by w-hexane before 
assay The remaining alcohol phases were then removed, and the aqueous layers 
uere extracted first with 3/5 volumes and then with 2/5 volumes of ^-butanol 
Each extract was mixed with the original alcohol phase from the corresponding 
tube The weight of material m the extracts from each tube was determined by 
evaporating 4 ml quantities of the solutions at 100° C m a stream of air The 
■weight of phosphate extracted (< 0 05 mg /ml ) vas negligible compared with 
the weight of peptide 



Tube number 

Fig 2 — Eight tube counter current distribution of crude ayfivm (Batch B) between amvl 
alcohol n-butanol (4 1) and m/10 phosphate buffer (pH 6 S) Lower phase mobile 

□ p Dry weight O O Activity 

X — X Dry weight estimated by nmhydnn reaction 

The amounts of material m the different tubes were also estimated by usmg 
the mnhydrm reaction in the manner described by Moore and Stem (1948) 
Aliquots corresponding to from 20 to 150 fig of material were evaporated to 
dryness, and the residues hydrolyzed with 0 3 ml amounts of 20 per cent hydro- 
chloric acid in sealed tubes placed m an oven at 110° C for IS hours After 
removal of the hydrochloric acid the nmhydrm colours given by the ammo acid 
mixtures were measured in a photoelectric colorimeter, and compared with those 
obtained from standard amounts of ayfivm The method has proved convenient 
for the estimation of small amounts of material, and has given curves rather 
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close to those obtained by weighing It will not be reliable if various 
peptides in a mixture give nmhydnn colours after hydrolysis which differ 
significantly in intensity 

In this distribution the material noth the highest specific activity (about 
30 units /mg ) was found in Tubes 3 and 4 The calculated partition coefficients 
of the material m the different tubes varied continuously, and no tube appeared 
to contain a homogeneous substance 


Distribution between sec butanol and 0 5 N acetic acid 


The system already described had practical disadvantages Its pH was that 
at which ayfivm showed a minimum solubility, and several manipulations were 
necessary to isolate the material m the different fractions, or to obtam it m a 
form suitable for the deter min ation of dry weight An alternative system was 
therefore investigated in which the partition coefficient of the activity had a 
convenient value The two phases were prepared by mutually saturating equal 
volumes of sec butyl alcohol and 05 n acetic acid The pH of the aqueous phase 
was about 2 8 The system resembles that used by Barry, Gregory and Craig 
(1948) for the purification of commercial bacitracm 


The partition coefficient of ayfivm in this system expressed as 


activity 

activity 


pei ml in sec butanol , , A „ 

- , A ^ r — , was about 0 5 
per ml in 0 5 n acetic acid 


Fig 3 shows the results obtamed from 


an eight-tube distribution m which the volume of the butanol (4 ml ) was made 
twice that of the acetic acid (2 ml ) m order to bring the maximum activity near 
the centre of the senes The matenal used (80 mg ) was part of Batch B, whose 
distnbution curve m the system at pH 7 is shown in Fig 2 At the end of the 
experiment the amount of matenal m each tube was determined by 
evaporation of aliquots from the two phases Activity was measured by the 
cylinder-plate method after adding 0 1 ml of the alcohol layer, and 0 05 ml of 
the lower layer, to an appropnate volume of water, and extracting the resulting 
aqueous solution with ether An alternative method, in which all the material 
was transferred to the aqueous phase by the addition of 12 ml of ether to each 
tube, gave almost identical results 

Fig 3 shows that the distnbution m this system, in contrast to the distribution 
m the system at pH 7, did not differ greatly from that to be expected if the 
preparation of ayfivm had consisted of a single substance The fact that the 
cuive rose somewhat more sharply to a maximum than the theoretical curve for 
homogeneous matenal could be attributed to small changes m the lelative volumes 
of the phases, which occurred during the transfers Except for Tube 8, winch 
contained a small amount of inactive matenal, the activity-curve v as roughly 
supenmposable on the weight-curve The specific activity of the material 
isolated from Tubes 3, 4 and 5 was no greater than that of the starting material 
Very little resolution had therefore occurred under these conditions 


Further observations 

Although it has been established that the specific activitv of crude avfivm 
ma\ be raised considerably by eight-tube counter-current distributions at pH 7, 
the units of activity m the separate fractions have usually appeared to total not 
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more than 80 per cent of those m the original material It is thought probable 
that the loss of activity is partjy caused by small amounts of impurities in the 
solvents used Inactivation caused m this way becomes more serious the purer 
the ayfivm and the more dilute the solutions, and has complicated work on the 
further purification of the matenal 



Fig 3 — Eight tube counter current distribution of crude ayfimn (Batch B) between sec 
butyl alcohol and 0 5 n acetic acid Lower phase mobile 

X X Dry weight 

q O Theoretical curve for a single substance 


Physical and Chemical Pioperties 

The physical and chemical properties described here refer to preparations of 
ayfivm with an activity of about 40 units /mg , which were obtained from Fractions 
3, 4, and 5 of eight-tube counter-current distributions at pH 7 These fractions 
contain the mam active constituent of the crude material, but there is evidence 
that they are not homogeneous Some of the properties will therefore need 
re-investigation if pure ayfivm becomes available 

Ayfivm hydrochloride gave the following results on elementary anatysis 
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C, 4S S- , H, 7 3 , N, 14 6 , S, 1 5 , Cl, 7 9 It contained 2 2 per cent of amino 
nitrogen according to the van Slyke method of determination It showed no 
strong absorption bands m ultraviolet hght, but had a weak blue fluorescence 
It was very soluble m water or ethanol, sparingly soluble m acetone, and 
insoluble in ether It dialyzed readily through a cellophane membrane 
Free ayfivm was much less soluble m water than the hydrochloride 



Fio 4 — Titration cun oof ayfivm 


Iomzable groups 

Ayfivm behaved as a weak base An aqueous solution of its hydrochlonde 
had a pH of about 2 5 Electrometric titration, using a hydrogen electrode, 
showed that it contained groups ionizing between pH 2 and 5, pH 7 5 and .7 
and pH 10 and 12 (Fig 4) Changes m the partition coefficient of the actniti 
between water and w-butanol when the pH was varied from 7 7 to S 7 («ee below ) 
showed that ionization in this region was a property of the active material it c elf 
The titration curve was compatible with the assumption that a_i fivin consisted of 
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polypeptide Buffering m the pH range 2-5 could be attributed to the free 
carboxyl groups of dicarboxyhe amino acids , buffering m the pH range 5 5 to 
8 5 could be due to the nrunazole group of histidine and an q-a mm o group , and 
buffering in the pH range 10 to 12 could be due to free ammo groups of diammo 
inonocarboxylic acids The “ isoelectric point ” of the material was at pH 7 1 

Solubility 

Ayfivm was extracted almost completely from aqueous solution between pH 
2 and pH 10 by shaking with an equal volume of phenol saturated with water 
It was not extracted significantly from water at an} r pH by ether, chloroform, 
amyl acetate, or benzene 



Fig 5 — Variation with pH of the partition coefficient of ayfivm between n butanol and water 

The partition coefficient of ayfivm (2 mg /ml ) between water and m-butanol 
varied greatly with the pH of the aqueous phase Fig 5 shows the results 
obtained by measuring the activity m the two phases The relative solubility m 
butanol reached a maximum at the isoelectric point (pH 7 1), and fell sharply 
on either side of this value The partition coefficient between water and amyl 
alcohol varied similarly with pH, though ayfivm was considerably less soluble m 
amyl alcohol than in butyl alcohol 

Precipitation and colour reactions 

Aqueous solutions of ayfivm gave amorphous precipitates with picric acid, 
picrolomc acid, Remecke salt, mercuric chloride, and trichloi acetic acid, and also 
on the addition of saturated ammonium sulphate or sodium chloride They 
formed no precipitate with saturated aqueous solutions of benzoic or sahcyhc acid 
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When benzoic acid or salicylic acid "was precipitated m aqueous solutions of 
ayfivm very little activity was earned down on the precipitate 

Ayfivtn gave a positive nmhydnn reaction It gave no coloration with feme 
chloride, or with alkaline mtroprusside in the presence or absence of cyanide 
The Sakaguchi reaction for arginine and the Adamkiewicz reaction for tryptophane 
were negative Knoop’s reaction for histidine was positive 

Stability 

Ayfivm was stable for 10 minutes when heated at 100° C m aqueous solution 
(1 rag /ml ) at pH 2, 7, or 10 It was stable m 2 x acid for 5 minutes at room 



temperature, but was inactivated when heated in 2 x acid at 100° C for 5 minutes 
It was largely inactivated when kept m x/10 sodium hydroxide for 4 hours at 
room temperature, or heated m x / 100 sodium hydroxide for 15 minutes at 100° C 
Itvas not inactivated by incubation with pepsin at pH 3, or with tripsin at 


Inactnatwn by copper ions 

_ o ^ n ear b’ experiments with purified ayfivm it was found that matenal kept at 
C for 4 hours in dilute aqueous solution (0 1 mg /ml ) shoved a maximum 
instability between pH S and pH 0 (Fig 6) Between pH 3 and pH 7 no actn it\ 
uas lost, and at pH 10-11 about 70 per cent of the activity was lo=t while at pH 
lS_f| the loss of actrvit\ was almost complete When dilute solution- of a\ firm at 
pH S-0 w ere heated to 100° C there was almost total loss of activity in 2 minute- 
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In contrast to the behaviour of purified material, the original culture fluid 
•which had been adjusted to pH 8-9 showed no detectable loss of activity when 
kept for 4 hours at 37° C , or for 2 minutes at 100° C The culture fluid therefore 
contained sustances that protected ayfivm from inactivation It was found that 
the inactivation of purified ayfivm at pH 8-9 was largely or completely prevented 
by the following additions to the solution commercial trypsin or pepsin (1 
mg /ml ) , horse serum (1 per cent) , heart or lemco broth , glutamic acid, 
cysteine, or glycine (1 mg I ml ) Gelatme (1 mg j ml ) exerted some protective 
action, but was less effective than the other substances 

When the concentration of ayfivm was mcreased from 0 1 mg /ml to 1 mg /ml 
very little loss of activity was detected on keeping the solution at pH 8-9 for 
4 hours at 37° C The change m apparent stability with concentration suggested 
that the inactivation was caused by traces of an impurity m the solvent (laboratory 
distilled water) If the amount of ayfivm inactivated depended largely on the 
amount of the impurity, and thus on the volume of the solvent, the proportion of 
ayfivm inactivated would dimmish as its concentration was mcreased 

It is now considered that a reaction of ayfivm with copper ions was responsible 
for this phenomenon When the early experiments were later repeated no 
inactivation was found to occur In the interval a new apparatus had been 
installed to supply distilled water Inactivation occurred at pH 8-9 in the new 
distilled water, but not at pH 7 or below, when small amounts of copper sulphate 
were added to the solution Table I shows the results obtained when ayfivm 
(0 1 mg /ml ) was incubated for 4 hours at pH 8 4 with varying amounts of 
cupric ions 

An amount of Cu ++ as small as 0 25 pg /ml caused substantial inactivation 
Little, if any, inactivation was caused under similar conditions by a number of 
other heavy metal ions m concentrations approximately 10 tunes as large The 
ions tested were Pb + + , Fe+ + + , Zn + + , Co + + , Mn + + , A1+ + + , Sn+ + , and Hg + + 
The loss of activity, winch occurred m the presence of 2 5 pg Cu + + per ml , was 
prevented by the addition of glutamic acid ( 1 mg /ml ) to the solution 

Attempts to restore the activity of ayfivm mactivated m the presence of 
cupric ions have not so far been successful 


Table I 


Cu+ + jig /ml 

Per cent of 

activity remaining 

25 0 

0 

2 5 

0 

0 25 

10 

0 025 

90 

0 0025 

100 

0 00 

100 


Amino acids formed on acid hydrolysis 

When ayfivm was hydrolyzed for 24 hours with boding 20 per cent hydro- 
chloric acid almost all of its nitrogen appeared as a-amino nitrogen The product 
showed a much stronger ninhydrm reaction than the original substance When 
the ninhydrm reaction was earned out in the manner described by Moore and 
Stem (1948) the intensity of the colour shown by the hydrolysate from a given 
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weight of ayfivm hydrochlonde was very close to that shown by the same weight 
of leucine The hydrolysate gave a positive test for SH with mtroprusside in the 
presence, but not m the absence, of sodium cyanide 

Paper chromatography 

Using the method mtroduced by Consden, Gordon and Martin (1944), one- 
dimensional chromatograms on Whatman No 1 paper were obtained from the 
ayfivm hydrolysate with the phenol- water system in the presence of HCN, with 
the phenol-water system in the presence of ammonia, and with the benzyl 
alcohol-water system Chromatograms were also obtained from the acidic and 
from the basic plus neutral fractions of the hydrolysate which had been separated 
on Amberhte IR-4 by the method of Consden, Gordon and Martin (1948) The 
positions of the spots after development with mnhydrm indicated that the 
following ammo acids were present aspartic acid, glutamic acid, lysine, orni- 
thine, histidine, cystme, phenylalanine, leucine and/or isoleucme The amount 
of the leucmes appeared to be larger than that of any other smgle ammo acid 

Oxidation with D-anano acid oxidase 

The oxygen absorbed on treating ayfivm hydrolysate with a preparation of 
D-ammo acid oxidase (Krebs, 1935) at 37°C was measured m the Warburg 
manometnc apparatus The activity of the enzyme system was tested with 
dl - alanine as a substrate the reaction was complete m 1 hour, and the oxygen 
taken up corresponded to the theoretical amount for the oxidation of the D- 
component With ayfivm hydrolysate as a substrate the reaction appeared to 
be complete m 2 hours, and the amount of oxygen absorbed corresponded to 14 
c mm per mg of ayfivm hydrochlonde On tins basis about 14 per cent of the 
nitrogen of the ayfivm hydrolysate was m the form of D-a-ammo nitrogen 

DISCUSSION 

There can be httle doubt that the mam active constituent of ayfivm is a 
highly polar polypeptide Although there is evidence that the most active 
preparations described m this paper are not homogeneous, their impurities appear 
to have physico-chemical properties and to contain amino acid radicals similar 
to those of the antibiotic itself Even m the case of the crude product, the 
solubilities of the impunties were such that very httle resolution occurred during 
an eight-tube counter-current distribution under acid conditions, and the material 
behaved as though it were largely a smgle compound The fact that tlus material 
was quickly resolved into several components m a system at pH 7, and that some 
of the resulting fractions showed a considerable increase in specific activit}', 
indicates that conclusions about the homogeneity of a polypeptide which are 
based on results from a restricted number of distributions in one system can 
easily be too optimistic Craig, Mighton, Titus and Golumbic (1948) have pointed 
out that the results of counter-current distributions, like those of all other methods, 
can only provide an answer to the question of the purity of a substance m terms 
of piobabihty With relatively large molecules several different criteria aTe 
desirable before the probability of a substance being homogeneous is considered 
to be very high 

The variation m the partition coefficient of ayfivm between butanol and 
water with changes m pH indicates that the active substance contains groups 
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that ionize over a wide range of hydrogen ion concentrations The presence of 
such groups in the purified material is shown by the results of electrometric 
titration and of qualitative ammo acid analyses Anionic centres are provided 
by aspartic acid and glutamic acid, and cationic centres by histidine, ormthme 
and lysm The hydrophobic side-chams of leucine and phenylalanine, which 
appear to be the mam neutral ammo-acids, would account m part for the high 
solubility of ayfivm m moist w-butanol at the isoelectric point At this pomt the 
solubility may be increased by a displacement of equilibrium from the polypolar 
towards the non-charged form 

The electrometric titration of the purest preparation reveals a group which 
titrates m the region immediately on the alkaline side of the isoelectric pomt 
A group in ayfivm, which ionizes m this region, may be concerned with the 
inactivation of the antibiotic that occurs under certain conditions m the presence 
of copper ions The amount of inactivation is negligible at pH 7, but rapidly 
reaches a maximum at pH 8 5 A copper co-orchnation complex is possibly 
mvolved m the reaction The fact that there is a decrease m the amount of 
inactivation when the pH is raised from 8 5 to 10 would be understandable if 
a group messential foi antibacterial activity, either m ayfivm itself or m impurities, 
competed for copper at the higher pH Competition by added ammo acids and 
proteins has been shown to prevent inactivation 

An antibiotic named hchemformm, winch is produced by a strain of B 
hcheniformis, has been studied by Callow, Glover and Hart (1947), and by Callow, 
Glover, Hart and Hills (1947) When grown under appropriate conditions, the 
strain A-5 of B hcheniformis also produces a hchemfornnn-hke antibiotic (Hills 
et al , 1949) Ayfivm and hchemformm differ markedly m chenncal properties 
Ayfivm, however, shows similarities to the antibiotic bacitracin, first described 
by Johnson, Anker and Meleney (1945) When the present work began httle 
published information on the chenncal properties of bacitiacin was available, and 
it was doubtful whether the substance was a peptide (Anker, Johnson, Goldberg 
and Meleney, 1948) Both ayfivm and bacitracm could be extracted fiom 
culture fluid with a-butanol, but it was thought unlikely that they were identical 
because bacitracm was reported by Johnson, Anker, Scudi and Goldberg (1947) 
to be precipitated by benzoic acid and sahcj^hc acid, and these reagents did not 
remove ayfivm from solution A sample of commercial bacitiacm, however, has 
now been found to behave like ayfivm towards benzoic and sahcyhc acid The 
work of Barry, Gregory and Craig (1948) has established that purified preparations 
of bacitracm consist of polypeptide, and the ammo acids they are reported to 
contain are very similar to the ammo acids present m the most active preparations 
of ayfivm Further investigations are required to establish the exact relationship 
between the two antibiotics 

Smce this paper was written it has been shown that the inactivation m the 
presence of copper ions is accompanied by an uptake of oxygen and that it 
probably mvolves the oxidation of a suphur atom 

SUMMARY 

1 Preparations of ayfivm with high antibacterial activity were obtained from 
the culture fluid of the strain A-6 of B hcheniformis The process of extraction 
mvolved adsorption of the active material on to charcoal, elution with a mixture 
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of ?i.-butanol and dilute hydrochloric acid, transfer between butanol and water, 
and precipitation with picric acid The crude product was further purified by 
8-tube counter-current distributions in a system composed of amyl alcohol, 
w-butanol, and water or phosphate buffex at pH 7 No significant purification 
was obtained by 8-tube distributions in a system conta i ni n g acetic acid at about 
pH 2 8 

2 The most active material behaved as a polypeptide with an isoelectric 
pomt at pH 7 1 It contained groups which ionized in the pH region 2-5, 5 5-8 5, 
and 10-12 On acid hydrolysis it yielded aspartic acid, glutamic acid, histidine, 
ornithine, lysine, cystme, phenylalanine, leucine and/or isoleucine 

3 The partition coefficient (ayfivin in a-butanol) /(ayfivin in water) varied 
rapidly with the pH in region of neutrahty and was a maximum at the isoelectric 
pomt On the alkaline side of the isoelectric point ayfivin was inactivated m 
the presence of copper ions, the amount of inactivation reaching a maximum 
at pH 8-9 

4 Ayfivin is quite different from hchemformm m its physical and chemical 
properties, but shows a similarity to bacitracin 

We are greatly indebted to Dr D W Henderson and Mi G M Hills of the 
Microbiological Research Department, Experimental Station, Porton, who 
supphed us with large amounts of culture fluid Our thanks are also due to Miss 
R Callow and Miss A Pill for expert technical assistance 

Tins investigation has been aided by a grant to one of us (V E S ) from the 
Albert and Mary Lasker Foundation, and by the Medical Research Council, who 
have contibuted to technical and other expenses 
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The following paper records observations on the antibacterial, pharmaco- 
logical and chemotherapeutic properties of impure ayfivin, the preparation and 
chemical properties of which have been described by Sharp, Amagada, Newton 
and Abraham (1949) 

EXPERIMENTAL 
Antibacterial Properties 

The activity of ayfivin against a number of species of bactena was tested by 
the serial dilution method Glass-filtered solutions of a crude preparation con- 
taining about 10 umts/mg were used for most of the experiments This solution 
was diluted m a two-fold senes and added m the proportion of 1 in 10 to tubes 
of heart extract broth, winch were then inoculated with a uniform amount of 
culture of the orgamsm under test According to the hardiness of the organism 
the culture was used undiluted, or was diluted 1 m 10, 1 m 100, or 1 in 1000, so 
as to give a small moculum, yet one that would be certain to grow Modifications 
of the technique were made when necessary , for instance, 10 per cent serum was 
incorporated for the neisseria and some of the streptococci, and the tubercle 
bacillus was tested m Dubos’ Tween and albumen medium The clostndia weie 
incubated m anaerobic jars 

Table I shows the results, in most cases after overnight incubation Incuba- 
tion for a further 24 hours had usually no effect on the titre, but occasionally 
doubled the concentration needed for complete inhibition 

Nine of the strains of Staph aureus that were tested were relativelv 
resistant to penicillin, requiring from 8 to 200 units/ml for inhibition These 
had the same sensitivity to ayfivin as the pemcilbn-sensitive strains 

The effect of ayfivin on two strains of Leptospira icterohaemorrhagiae m 12 per 
cent serum water was tested by a similar method * In tests m vitro with this 
organism death rather than inhibition of multiplication is observed Both strains 
were killed by a concentration of 1 m 10,000, higher dilutions having httle or no 
effect 

Bactericidal action 

Dilution senes that had been inoculated with Sir pyogenes and two strains 
of Micrococcus were plated out after 20 hours’ incubation There was no growth 
from the tubes containing the strongest concentrations , the smallest eoncen- 

* We are indebted to Dr J A H Wybe for carrying out these tests 
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tiation that had killed langed from the same as that which had inhibited growth 

to one 4 times greater 



There was no evidence that Myco tubei culosis was killed by ayfivin 

Table I — Antibacterial Activity of Ayfivin 

The figures 

m the third column 

show the concentrations of ayfivin m units Iml which completely inhibited 

growth in liquid medium during 20 hours' 

incubation (44 hours m the case of 

the Clostridia and longer periods for Myco tuberculosis) 


Species 

Number of 
strains 

Concentration inhibiting 
growth 
(unite /ml ) 

Staphylococcus aureus 

18 

0 125->1 0 

,, albus 

1 

1 0 

Streptococcus pyogenes 



Group A 

5 

0 015-0 063 

„ B 

1 

>1 0 

„ D and Str faecahs 

3 

>1 0 

>> G 

1 

0 5 

Streptococcus vindans 

5 

0 25-1 0 

„ pneumoniae, Types 1, 3, 6, 8, 19, 

and 2 strains not typed 

8 

0 031-0 5 

Micrococcus lysodeihticus 

1 

0 031 

„ tetragenus 

1 

1 0 

„ sp 

1 

0 015 

Neisseria qononhoeae 

1 

0 25 

,, meningitidis 

2 

0 5, 1 0 

Corynebactenum diphthenae var gr avis, into me- 


dius and mitis 

S 

0 063->l 0 

Corynebactenum veiosis 

1 

0 008 

Clostridium welchn 

2 

>1 0 

„ septicum 

1 

>1 0 

,, oedematiens 

1 

>1 0 

„ novyi 

2 

>1 0 

Bacillus anthracis 

6 

>1 0 

Mycobacterium phlei 

2 

>1 0 

„ tuberculosis ,* bovme type 

2 

>2 0 

» „ * human type 

8 

0 5-72 

» „ * B C G 

1 

0 5 

Haemophilus influenzae 

3 

>1 0 

„ parainfluenza e 

2 

>1 0 

Pasteurella peshs . 

1 

>1 0 

„ sp 

1 

>1 0 

Salmonella typhi 

2 

>1 0 

,, enterihdis 

3 

>1 o 

Bacterium coh 

2 

>1 o 

Pseudomonas pyocyanea 

1 

>1 o 

Proteus 

2 

>1 0 

Vibrw chohrae 

2 

>1 o 

* Wo are indebted to Dr A. Q Webs for these determinations 
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Effect of inoculum, size 

With both Staph aureus and Sir pyogenes alteiations in the size of the inoculum 
had little effect on the title, the gieatest difference bemg a four-fold increase in 
the inhibiting concentration as the result of a thousand-fold increase in the size 
of the inoculum 

Effect of senim 

The piesence of 60 pei cent of serum had httle or no effect on the activity of 
ayfivm In hquid culture medium it increased the concentration needed to 
inhibit the growth of Sti pyogenes from 2 to 4 tmies, but this difference may have 
been associated with stronger grou th of the organism m the enriched medium 

Solutions of ayfivm were also incubated for 4 hours u ith 50 per cent serum, 
and then diluted serially and tested on cylinder plates alongside a control solution 
that had been meubated with watei The plates were seeded with C xerosis 
There was no alteration m the size of the zone of inhibition as the result of the 
presence of serum 

Acquisition of icsistanee 

In vitio — Using material containing 40-46 umts/mg , Staph aureus (National 
Collection of Type Cultures, No 6671) was tiansferred fiom one dilution senes 
to another 23 tunes m 6 weeks Each transfei was made from the tube contain- 
ing the highest concentration of ayfivm m the presence of which there was sub- 
stantial giowth There was no increase of resistance at any time dunng the 
experiment 

Myco tuberculosis, however, developed resistance to ayfivm after growth m its 
presence m intro * 

In vivo — Cultures of Staph aureus recovered from mice that had been infected 
with that organism and treated with ayfivm for 4 days, the last dose bemg given 
from 3 to 10 days previously, showed no sign of increased resistance The same 
was found after therapeutic experiments with Sti pyogenes 

Comparison of Ayfivm with Bacitracin by Serial Dilution Tests 

Towards the end of the woik reported m this paper it became apparent that 
ayfivm was very smular to bacitracm, if not identical with it There were some 
discrepancies between the reported sensitivity of certain anaerobic spoie-formmg 
organisms and Group B Streptococcus to bacitiacm and those found foi ayfivm 
A direct comparison between ayfivm and baoitiaom (kindly supplied by Dr 
Meleney) by the serial dilution method already outlined disclosed no essential 
difference between the sensitivities of one stram each of Cl welchn, Cl spoiogenes, 
Streptococcus Group A and Streptococcus Group B to bacitracm and ayfivm 

PHARMACOLOGICAL OBSERVATIONS 
Toxicity 

Acute toxicity to mice 

A comparison was made between the toxicity of smgle doses of two fractions 
obtained by the counter-current distribution method of Craig (1944) One 

* For this observation we are indebted to Dr A Q Wells 
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fraction contained 30 umts/mg and the other 4 umts/mg Table II shows the 
mortality after intravenous injection mto mice weighing 19 to 20 g 


Table II — Effect of Intravenous Injection of Two Fractions of Ayfivm 


Umts/mg 

Dose in 

0 3 ml saline 

Total 
number 
of mice 

Number of mice alive at the end of day — 

^ 

m sample 

Mg 

Umts 

' 1 

2 

3 

4 

5 29 

30 

2 5 

75 0 

10 

10 

10 

10 

10 

10 10 

30 

5 0 

150 0 

10 

4 

4 

4 

4 

4 4 

4 

5 0 

20 0 

10 

10 

10 

10 

10 

10 10 

30 

7 5 

225 0 

10 

5 

4 

3 

3 

2 2 

4 

10 

40 0 

10 

5 

2 

0 

0 

0 0 


Table III shows the mortality after the subcutaneous injection of the same 
samples of ayfivm mto mice weighing 20 g It is apparent from these results 
that the fraction containing more ayfivm was more toxic than the less anti- 
bactenally potent fraction, which nevertheless contamed toxic substances that 
were bactenologically inert 


Table III 

— Effect of Subcutaneous Injection of Tivo Fractions of Ayfivm 

Umts/mg 
in sample 

Dose in 0 6 ml 

salrne 

Total 

number 

Number of mice alive at the end 
of day — 

Mg 

Umts 

of mice 

r~ " 

1 

2 

3 29 

30 

10 

300 

10 

10 

7 

5 5 

4 

10 

40 

10 

10 

10 

10 10 

30 

20 

600 

10 

10 

1 

1 1 

4 

20 

80 

10 

9 

4 

2 2 


The animals that died m a short time showed mco-ordinated movements 
before reaching a state of collapse 

Chrome toxicity t-o mice 

Mice weighing initially about 20 g were mjected with material contaimng 
29 units per mg Five mice received 5 mg and 5 mice 10 mg daily, divided mto 
4 doses, and given subcutaneously (a total of 1305 and 2610 units per mouse 
respectively) for 9 days The animals gamed m weight m the same way as control 
animals receiving subcutaneous injections of normal sahne, and showed no sign 
of toxic reactions 

In another experiment material contaimng 32 units per mg was used Mice 
m 3 groups of 4 were given total doses of 4S mg (1536 units), 24 mg (768 units) 
and 12 mg (384 units) respectively by subcutaneous injection m 6 davs, four 
equal doses being given daily In the group receiving the largest dose one mouse 
died and another became sick but recovered The rest of the mice apparent h 
suffered no ill effects from the drug 

In a therapeutic expenment to be described later 5 mice which received 40 
mg (12S0 units) of similar material (32 umts/mg ) m 4 davs were in good condition 
at the end of 6 weeks 
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Effect on the kidneys 

Histological evidence suggested that the death of mice receiving the larger 
repeated doses of ayfivm might be due at least m part to damage to the kidneys 
Other organs appeared to be normal, but the condition of the kidneys was as 
follows 

After single intravenous doses of 5-7 5 mg (of matenal containing 32 units/ 
mg ) no kidney lesions weie found when the animals were killed 3 and 17 days 
later 

After multiple small subcutaneous doses — Two doses of 4 mg (of the same 
material) were given subcutaneously on one day The mouse was killed 3 days 
later The epithehum of some of the tubules was much flattened, and the 
tubules throughout the kidney were filled with hyaline masses There was little 
evidence of necrosis, but there weie many mitoses of the tubule epithelium 

Anothei mouse leceived 5 doses of 4 mg (of the same material) m 2 days, 
and was found dead 17 houis affcei the last dose Here the hyaline material m 
places contained dead cells, and there was evidence of degeneration or neciosis of 
much of the epithehum A mouse which received 9 consecutive doses of the 
same amount m 4 days survived, and was killed 17 days later At tins time the 
epithehum showed little sign of damage, but here and there m the superficial 
part of the cortex were small areas of activity wheie regeneration of the epithehum 
appeared to be m progress Tubules in some of these aieas were dilated to form 
small cysts 

After longer couises of smaller injections — 2, 4 or 8 mg of the same material 
daily for 6 days, 12, 24 or 48 mg m all — there was no consistent evidence of damage, 
though kidneys from mice that were lulled a few days after the last injection 
usually showed a few of the areas of regeneration described above 

In the therapeutic experiment to be mentioned, in winch each of 5 mice 
received a total of 40 mg , the kidneys appeared to be normal when the animals 
were killed after 6 weeks 

There is no doubt that, like other antibacterial polypeptides, impure ayfivm 
in sufficient dosage sometimes severely damages the kidneys of mice, though the 
presence of lesions was not closely related to the number of units given 

Local effects on tissues 

No damage was caused to the skm of mice by the subcutaneous injection of 
solutions of ayfivm (30 umts/mg ) containing 16 6 mg /ml Five mice, given 
2 0 mg of material containing 32 umts/mg 5 times a day for 4 days m some of 
the therapeutic experiments to be described, showed no sign of damage in the 
skm or subcutaneous tissues when lulled 6 weeks after the last injection, nor was 
damage to the slun noted m those dying durmg the therapeutic experiments 

Effect on the motility of human leucocytes and on ? ed blood cells 

Human leucocytes were examined by the method of Abraham, Cham, Fletcher, 
Florey, Gardner, Heatley and Jennings (1941) No deviation from control pre- 
parations was observed when the leucocytes were immersed in a concentration of 
1 m 1000 ayfivm , m a concentration of 1 m 500 all leucocytes appeared to be 
active at the end of 2| hours, but thereafter they became more sluggish than 
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those in contiol pxeparations In a concentration of 1 m 260 cells weie acti e 
fm about an hour, but thereafter became immobile „ . . 

The red blood cells m the preparations weie unaffected by any of the above 

concentrations 


0 

« , 



I i 


Respiration 


Blood 

pressures 

100 mm Hg 



film'll 




10 seconds 
Injection 


lie 1 — The effects on respiration and blood pressure of mjectmg 317 5 mg of aj fi\ m mtra\ oiiourIj 

mto a decerebrate tat weighing 2 0 kg 


Effect on bl-ood pressure and respn ation 

Foui experiments Mere made on cats anaesthetized uith chloialose J ”'' 
of 50 mg of material containing 30 units per mg into a ca veig u g 


The 


injection 


mig uimo y'-'i * 

} kg caused no fall of blood pressure a further injection of 100 mg 14 llllIU1 ^ 
b ” a further injection of 2U<> mg 


later caused a slou fall from 134 to 126 mm Hg , 
caused a fall from 126 nun to 72 rum Hg in 14 minutes 


The pre-mie grulualh 
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letmned to 126 nun Hg during the next 2 horns In the othei animals similar 
lesults weie obtained until smaller doses of less pme material 

Experiments were also done with cats deeerebiated accoidmg to the method 
of Schmidt (1923) Fig 1 illustrates the lesult of injecting a cat weighing 2 9 
kg with 75 mg /ltg (217 5 mg ) mtravenousty There v ns a piofound fall of 
blood pressure and stimulation of respiration No lecoveiy m the level of the 
blood pressure occurred Doses of 25 and 50 mg given intravenously to othei 
decerebrate cats had no effect on the respiration or blood piessure 

It is clear that if a sufficiently laige dose is given the substance causes a sub- 
stantial fall of blood pressure 

Effect on smooth muscle 

The effects of ayfivm on smooth muscle ueie tested on guinea-pig uteius 
suspended m oxygenated Rmger-Locke’s solution A concentration of 1 in 
5000 ajdivm (material containing 30 units /mg ) sometimes inci eased the ampli- 
tude of the rhythmic contractions , the effect was moie marked with a concen- 
tration of 1 m 1250 After washing, the amplitude of the conti actions became 
less agam (Fig 2) Sometimes no definite effect was observed 

Thus it is unlikely that the fall of blood pressure following intravenous injec- 
tion into the cat is due to the presence of histamme-hke substances in pieparations 
of ayfivm 

Absorption and Exaction 
Absotption and excretion m mice 

It was found that aj^fivm was absorbed aftei subcutaneous mjection m mice 
and appeared m the urine Use was made of its excretion by the kidneys to 
deter min e whether there was significant absorption from the ahmentaiy canal 

Unne was collected from 2 mice weighing 20 g 5 hours aftei the admini- 
stration of 320 and 160 units by stomach-tube The stoma cli and intestines 
were washed out with buffer solution and the washings were assayed 
For comparison, similar observations weie made on 2 mice that had leceived 
32 units subcutaneously Specimens weie assayed by the cylinder-plate method, 
using G xerosis as the test organism Table IV records the results 

Table IV 

Total amount (units) ieto\ ered fiom 


Mouse No 

Route 

Dose, units 

unne 

gastro intes 
tmal tract 

1 

Pei OS 

320 

0 

60 

2 

55 

320 

0 45 

27 

3 

55 

160 

0 2 

10 5 

4 

5 5 

160 

0 

13 5 

5 

Subcutaneous 

32 

16 5 

0 

6 

55 

32 

3 

0 2 


It is clear that httle oi no ayfivm is excreted m the mine following oial adminis- 
tration, and it may be inferred that the substance is not absoibed m significant 
amounts from the ahmentaiy tiact 
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Blood levels and- unnaiy exaction m ? abbits 

Rabbits Aveie injected subcutaneously with a steule solution of ayfivm, and 
blood samples were withdrawn at intervals afteiwaids Assays weie performed 
on the seium by the micio-method descnbed by Fleming ( 1944), using Sh pyogenes 
as test oigamsm and red blood cells as mdicatoi The mine i\as collected m a 
metabolism cage and assayed by the cylinder-plate method, using C xerosis as 
the test organism Some of the lcsults aie shown m Fig 3 

Animal Protection Expicrimcnis 

Against Sti pyogenes 

In 1947 the first experiments weie done, using two gioups oi 10 mice winch 
weie infected by the intiapeiitoneal injection of 0 5 ml of a 1 in 100 dilution of 
an overnight cultuic of the oigamsm 



1 ig 3 — Concenti ations of ayfivm in the blood sonun of tv o 1 abbits aftoi subcutaneous mjee 

tion A 30 mg (900 units) injected B 10 mg (320 units) injected 

Total lecovored m urmo A 575 units, i o 00 poi cent of amount mjocted b 173 units, 

i e 45 pei cent of amount injected. 


A sample of ayfivm containing 10 runts /mg ay as used In the first expeimient 
a total of 9 5 mg (95 runts) tv as administered in divided doses 4 tunes daily foi 
2 days The 10 control mice died rvithm 30 hours, rvhile the 10 treated mice rvei e 
alive and well at the end of 10 days In trim othei experiments conducted at this 
time it wa-s found that even aftei as little as 0 5 mg (5 units) given m 48 horns 
life rvas prolonged m all treated animals, and 1 mouse out of 5 Aims aliA r e at the 
end of 8 days 

A more thorough repetition of these expenments was made m 1949, when 
it was again demonstrated that there rvas a chemotherapeutic effect (see Table V) 
Sir pyogenes (Wellcome CN 10), of Avlnch the lethal dose for mice Avas about 500 
organisms, was used for infection Its giOAvth Avas inhibited vn viiio by one part 
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Table V — Action of Ayfivm m Mice Infected with Str pyogenes 


Dose of ayfivm (units) 

Total 

Single 

Total 
(in 2 days) 

numbei 
of mice 

15 

150 

5 

7 5 

75 

5 

3 75 

37 5 

5 

1 88 

18 75 

5 

0 95 

95 

5 


No treatment 20 

(controls) 


Numbei of mice alive at end of day — 

A 


31 


5 

2 


5 4 3 
5 3 2 
5 2 — 
2 1 — 
0 


5 

3 

2 

I 

1 


5 

3 

2 

1 

1 


of this preparation of ayfivm in 2 56 millions, that is by 0 012 units per ml Mice 
weighing from 22 to 24 g were injected mtrapentoneally until 0 5 ml of a 1 in 
10,000 dilution of an overnight culture containing about 50,000 bactena — that is, 
100 lethal doses Five groups of 5 mice each were treated with ayfivm given 
subcutaneously, and 20 untreated mice formed a conti ol group The prepaiation 
used contained 32 units per mg On tv o successive days four injections weie made 
at approximately 4-hour intervals, the first three injections on each day contain- 
ing from 0 95 to 15 units for different groups, and the last containing a double 
dose Even the smallest dose had some effect in prolonging life, but only the 
largest dose (150 units m all) gave complete protection Streptococci weie 
lecovered from the heart blood of the animals dying during the experiment The 
mice that survived gamed weight, and when they were killed at 31 days post- 
mortem examination showed nothing abnormal 


Against Staph auieus 

In 1947 experiments were performed with mice infected mtiapentoneally with 
1 ml of a 1 m 5000 dilution of an overnight broth cultvue of Staph auieus m 5 
per cent rnucm Ayfivm containing 28 units pei mg was used foi treatment 
In the most successful experiment all of 7 treated mice survived m good condition 
for 1 month, after which they weie not followed furthei These mice leceived 
3 doses of 2 mg and 1 of 4 mg daily, a total of 40 mg (1120 units) being given 
m 4 days In the same experiment nnce receiving half this amount began to 
die on the 7tli day, and gradually all died with locahzed staphylococcal abscesses 

In 1949 this investigation was repeated m moie detail (Table VI) In Expen- 
ment 1, 45 nnce weighing from 21 to 23 g weie used An overnight serum bioth 
culture of Staph aureus (Wellcome CN 491), suspended m 5 per cent mucin to 
give a final dilution of the culture of I in 1000, was used to infect 45 mice, 0 5 
ml being injected mtiapentoneallv into each animal This was equivalent to 
about 10 lethal doses The plan of the expenment follov ed that for Sir pijogewA, 
and the same piepaiation of a 3 r fivin was used but largci doses ueie given the 
stapln lococcus being relativelv more resistant In in ntro tesrt The growth 
of stiam CN 491 was inhibited b v \ a concentration of 1 part of this prep i rat ion 
m 160,000, that is b\ 0 2 unit /ml 

Single doses ranged from 4 to 04 units foi diffeient gioups the spicing of tin 
doses and the double dose m the evening being the siine a^ foi the rtir ptococui- 
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The eailiei expemnents had shown liow haul it was to eiadicate the staphylo- 
coccus completely, so ticatment was continued foi 4 days 

The 20 contiol mice weic all dead with staphylococcal septicaemia within 36 
houis In the gioup of mice that leccived a total dose of 320 units two mice 
weie lolled by then companions between the 17th and 21st days These showed 
no sign of staphylococcal infection, and the heait blood was stenle All surviving 
tieated mice weie lolled at the end of 6 ueeks, at which time they appealed to 
be m good health, and had gained weight On post-moitem examination 1 of 
the 5 mice that had leccived the smallest dose (total 80 units) weie found to have 
staphylococcal abscesses in the livci and peutoneal cavity 

Table VI shows also the dosages and lcsults m two subsequent expemnents 
earned out m a similai wav In Expenment 2 the dose of staphylococcus cultme 
in mucm was the same, but the oiganism had lost vnulence, and the control 
animals weie not all dead until the 15th day In spite of the lower vnulence, 
peihaps because the numbei of oigamsms used was the same, theic -was no reduc- 
tion m the total dose of ayfivm needed to save life Bv the tune that Experi- 
ment 3 was perfoimed the stiain had lecovcied vnulence about equal to that m 
Experiment 1 Ten times as mam bactena a\ eie injected (about 100 lethal doses), 
again m 5 pei cent mucm, and this killed all contiol mice within 14 hours Pro- 
tection by the smallei doses of ayfivm -was not so effective m tins group 

Treated mice that suivrved foi 6 weeks shewed no sign of ill-health, and 
gamed weight, but out of the total of 41 that survived and weie killed at this 
time 8 had staphylococcal abscesses in the abdominal Avail, m the mesentery, oi 


Table VI — Action of Ayfivm m Mice Infected with Staph auieus 


Doso of culture 
diluted in 5 
per cent 

Dose of n> fl\ In (units) 

Number of 




Number of mlco nli\o at cud of — 

Single 

Total ' 

mice, 

total 




Dn\ 






AVcck 

rmicin * 

(ill 4 days) 


2 

3 

4 

o 

c 

7 

2 

3 

4 5 


04 

1280 

5 

— 

— 

— 

— 

— 

— 

5 



— 

— 

0 6 ml 

32 

640 

6 

— 

— . 

— 

— 

— 

— 

6 

— 

— 

. — — 

of 

1G 

320 

6 

— 

— 

— 

— 

— 

— 

5 

4- 

3 : 

— — 

1 1000 

S 

1G0 

6 

— 

— . 

— 

— 

— 

— 

5 

— 

— 

— — 


4 

SO 

O 



— 



— 

— . 

— 

5 





— 

No treatment (conti ols) , 

20 

3 

0 










13 

260 

5 

— 

— . 







— 

5 



— 

— — 

0 6 ml 

0 6 

128 

5 

— 

— 

— 

— 

— 

— 

6 

— 

— 

4 — 

of 

3 3 

04 

5 

— 

— 

— 

— 

— 

— 

6 

— 

2 



1 1000 

1 0 

32 

6 

— 

— 

— 

— 

— 

— 

6 

3 

Q 




0 8 

16 

5 

4 

3 

— 

— 

— 

— 

3 

O 

1 



No tieatment (conti ols) 

10 

0 

5 

— 

— 

3 

— 

3 

T 

0* 



16 

320 

6 













6 

— 

4 

— — * 4 

0 6 ml 

8 

160 

6 

— 

— 

— 

— 

— 

— 

6 

3 

0 


of 

4 

80 

5 

— 

4 

— 

— 

— 

— 

4 

> 

0 


1 100 

2 

40 

6 

4 

3 

— 

1 

0 







i 

20 

6 

3 

1 

— 

0 







No tieatment (contiols) 

10 

ot 











1 Virulence of staphylococcus fell at tune of Expeimiont 2, and locovered afterwards 

2 Killed by fighting 

3 Three survivors had staphylococcal abscesses 

4 Two survivors had staphylococcal abscesses 

5 One survivor had staphyloccocal abscesses 
* Last control mouse died on 16th day 

t All control mice dead within 14 hours 
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in the livei It was thus evident that the doses used did not eliminate staphylo- 
cocci completely, except possibly m Experiment 1 , m which the largest dose was 
4 tunes as great as any dose used subsequently, and was near the toxic level 

Thus ayfivm, when administered m the propel dosage, can protect mice 
agamst certainly fatal infection with Sti pyogenes and Staph am eus 

DISCUSSION 

It is clear from the data piesented that ayfivm is one of those polypeptides 
which, imdei appiopnate conditions, are capable of exerting a systemic thera- 
peutic effect in nnce, but which have the great disadvantage of causing severe 
damage to the kidneys m doses not much above those necessaiy foi therapeutic 
effect 

The pharmacological properties and antibactenal range of ayfivm aie very 
similar do those of bacitracm During most of the tune that this work was going 
on it was thought that there were differences between the two crude products, 
foi some of the chemical and biological data originally published on bacitiacm 
did not appear to accoid with those on ayfivm, but a comparison recently made 
between crude ayfivm and crude bacitracm (such as is used foi clinical woik) has 
not so far levealed any chemical difference (Sharp et al , 1949), nor has any bio- 
logical difference been discovered In the comparative antibactenal test reported 
here their lange of activity was piecisely the same It is quite possible that 
ayfivm and bacitiacm, though snnilar, are not identical, but this pomt may not 
be settled until the active polypeptides can be compaied in a much moie highly 
purified form 


SUMMARY 

Ayfivm, an unpuie polypeptide mixtuie obtained fiom a stiam of B hchem- 
fornus, has been shown to have powerful antibacterial properties and a low 
toxicity to mice It has been shown to possess protective action against expen- 
mental infections m mice with Sti pyogenes and Staph am eus Howevei , m doses 
not much greatei than those lequired for theiapeutic effect severe damage can be 
caused to the kidneys Ayfivm appeals to be closely l elated to bacitiacm 

We aie gieatly indebted to Mr J Kent, Mi H Wheal, Miss M Lancastei , Miss 
M Bond and Mi N Smith foi technical assistance 

The Medical Research Council has assisted by pioviding giants foi technical 
assistance and foi supphes 
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ScmrF (1935, 1939) first observed that cultmes and cultuie filtiates from 
certain strains of Clostridium nchlm possess the power to destioy the specific 
serological piopeities of the blood-group A-substance piesent in commercial 
peptone and human saliva Sclnff consideied the eim me to be specific for the 
A-substance and to be without action on the Gioup B factoi in saliva 

Schiff and Weilei (1931«) obsened that the normal faeces of persons of all 
gioups and of certaui animals contain an en73ine v Inch readil}' inactivates the 
A and B blood-gioup substances The enzyme is also present in saliva (Schiff 
and Weiler, 19316), and is found m the saliva of secietors and non-secret ors alike 
(Matson and Brady, 1936) The enzyme does not appeal to be denved fiom the 
bacteria found m the mouth, and it has been suggested b> Sclnff and Bm on (1915) 
that the enzyme is secieted by the glandulai cells Landsteinei and Chase (19 15) 
leported that A-substance was decomposed b\ an oiganism, PuJhtJomyia botri/tis 
(Thaysen, 1939), w Inch was isolated by Morgan and Tim sen (1933) and shown 
to be active m decomposing a numbei of specific bactenal poh sacchandes 

The isolation of the specific blood-gioup substances of animal and human 
ongin in a purified fonn led to a lemvestigation of the enzvnuc destiuction 
of then serological pioperties (Moigan, 1946) A numbei of Cl nelchn (Type A) 
culture filtrates, crude and partially puufied with lefeiencc to collagenase (k- 
toxm), an enzvrne winch bleaks down collagen (Oakley, Wanack and van He\- 
ningen, 1946 , Bidw ell and van Hevnmgen, 1948 , Bidwell 1949) weie examined, 
and were found to contam enzymes which would lapidly inactivate the puufied 
A B and H blood-group substances Inciease m actmty of the collagenase 
hjmluromdase and certam toxms common to these filtrates during then purifica- 
tion and concentration, however was not con elated with mci eased capacity to 
inactivate the group mucoids, and it appeared that they were not the factois 
lesponsible for the decomposition of the blood-group substances Noi does the 
X-enzyme of Oakley, Warrack and Wairen (1948) appeal to be involved since 
aftei purification of a Cl welchn (Type B) cultiue filtrate with a resultant 50 pei 
cent yield of this enzyme, only 2 per cent of the A-enzyme lemamed Heating 
the culture filtrates for 1 houi at 56° lesulted m the inactivation of the enzymes 
which destroy the A- and B-substances, but left unimpaned the enzyme which 
decomposed the so-called O-substance, now refeired to as H-substance (Moigan 
and Watkins, 1948) The results of these investigations indicate that at least 
two enzymic activities aie displayed by the partially purified cultuie filtiates 
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The activity which destroys the serological pioperties of the A and B group sub- 
stances is theimolabile , the other enzymic activity is lelatively thermostable and 
destroys only the H-substance 

The examination of culture filtrates from selected strains of Cl welchn (Type 
B) has shown that enzyme prepaiations of much greater activity can be obtained 
readily, and the work described m this communication concerns the purification 
and properties of the gioup specific enzyme preparations obtamed from Type B 
strains The intended separation of the enzymic activities has not been achieved, 
and therefore the A- or B-enzymes cannot yet be obtamed free from H-enzymic 
actmtv A preliminary account of this work has alieady appeared (Stack and 
Morgan, 1948) 


EXPERIMENTAL 
Materials and Methods 

Cultures 

The Cl welchn (Type B) strain used by Schiff (1939), also strains CN 1253 
and CN 1990, were found to yield the most active filtrates encounteied Fourteen 
other strams examined after two subcultures on peptone medium were found to 
yield not more than one-fifth of the enzyme titre found in the culture filtrates 
of the three chosen strams Another strain, originally producing less enzjone 
than these, produced filtrates of maximum activity after three subcultures had 
been made Culture filtrates from representative Type A, C and D strams con- 
tamed about one-tenth of the enzyme activity found for aveiage Type B strains 
Tests on culture filtrates from a few strains of Cl hislolyticum , B anthracis, Staph 
aureus, Ps pyocyanea and V cholerae failed to leveal the presence of enzymes 
able to inactivate the blood-group substances 

The organisms were grown on a peptone medium consisting of Evans peptone, 
3 per cent, and sodium (3 -glycerophosphate, 2 5 per cent, supplemented before 
inoculation with glucose, 2 ml per 100 ml of a 10 per cent solution, and thiol- 
acetic acid, 2 ml per 100 ml ofaO 4 per cent solution Without glucose, enzyme 
yields were generally one-third less, but without thiolacetate, only one quartei 
of the enzyme production occurred Glucose caused no stimulation of enzyme 
production unless thiolacetate was present The addition of 0 01-0 20 pei cent 
of the test substrate caused no adaptive response As group substances are 
present m the peptone used m the medium, the lack of adaptive response w as 
confirmed by growing the same strain m the simplified medium described bt 
Rogers (1945) with or without the addition of purified pig gastric mucm (A- ami 
H-substances) 

Specific blood-group substrates 

The test-substrate employed, unless otherwise stated, w ns a purified mucoid 
material obtamed from a commercial preparation of pig gastric mucm according 
to the method described bv Moigan and King (1943) The substance possessed 
A and H, the so-called O, activity Recent w ork has show n that the O specified \ 
of the mucoid is not the same as would be expected if the material were a produtf 
of the O gene For this reason Morgan and Watkins (194S) suggested that tin 
so-called O character would be better designated b\ the letter H as this s\ m bol 
would serve to emphasize that it is not a product of the O gene, but lint it n a 
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lieteiogenetic mateiial common to the gieat majonty of liumaii erythiocytcs, 
mespective of then ABO Group 

In a few expenments a piepaiation of human A-substancc was employed 
which showed no H-actmty, and on the basis of its chemical, physical and 
immunological piopeities was most piobably homogeneous Similarly, caiefully 
purified H-substance obtained fiom pseudomucinous ovanan cyst fluids -was used 
m other expenments A potent specimen of ovanan cyst fluid obtained from a 
Group B secietoi seived as a souice of B-substance These materials veic 
leadily inactivated by the enzyme prepaiations 

Foi convenience m recoiding the lesults the en/ynuc activities vlnch destroy 
the A-, B- and H-substiates aie assumed to be due to sepaiate enzymes and are 
termed A-enzyme, B-enzyme and H-enzyme lcspectively The pioperties of the 
B-enzyme have not been examined m detail, but in those examined the> do not 
appear to be distinguishable from those of the A-en/'sme, except m their group 
specificity 

M easuremeiU of enzymic activity 

The amount of the specific substrate, piesent at an}' given tune after mixing 
with the enzyme pieparation, was detei mined by means of the agglutination 
inhibition test described earliei (Moigan and van Heymngen, 1044) The anti-A, 
anti-B and anti-H seia used throughout the investigation v ere frequently titrated 
m inhibition tests agamst “ standaid ” piepaiations of A-, B- and H-substances, 
respectively The seia were stoied m 2 to 3 ml amounts without antiseptic 
and in sealed ampoules at — 10° 

Ideally, the amount of change taking place ovei a short interval of time and 
m the presence of a large excess of unchanged substiate should be measured to 
determine the activity of an enzyme piepaiation In this instance, houevei, 
measurements of this land cannot be made owing to the insensitive nature of 
the agglutination inhibition test, which measures the excess antibody left in the 
system after the undecomposed group substance has neutralized a part of the 
standard dose of agglutnnn Agglutinm and, theiefore, substrate concentrations 
differing by 50 per cent can readily be determined, and chffeiences m concentration 
of this order are usually employed m agglutinm titiation tests If caie is taken 
and all dilutions are made with graduated pipettes m place of the Pasteur pipettes 
usually employed m tins type of titration, differences of 33 pei cent m agglutinin 
concentration can be detected For the simple puipose of following the change 
m activity of an enzyme preparation, for example during purification, 50 pei 
cent differences, as derived by making progressive^ double dilutions of the 
enzyme-substrate system, are convenient, and have been used m tins investigation 

A unit of enzymic activity is defined as that amount of activity winch will 
bring about an extent of inactivation of 1 0 ml of 0 10 per cent substrate m 2 
hours at 37° and pH 7 0, which results in the lowering of the inhibition title by 
four tubes when the usual two-fold geometrical dilution scale is employed This 
unit is equivalent to the destruction of 94 per cent of the seiological activity of 
1 0 ml of a 0 10 per cent solution of the blood-gioup substance 

Tests for the measurement of enzymic activity were cained out as follows 
The group substance, 1 0 ml of a 0 10 per cent solution, was mixed with different 
amounts of the enzyme preparation contained m 10ml of Mcllvame buffer, pH 
6 8-7 0 The mixture was incubated at 37° for 2 hours in the presence of toluene 
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and then heated for 10 nun at 100° The lattei step is essential, otherwise the 
enzyme preparation brings about a sensitization and false agglutination of the red 
cells used in the agglutmation-inhibition test subsequently employed to measure 
the extent of inactivation of the substrate 

The results of a typical titration earned out to determine the activity of an 
enzyme preparation are set out m Table I, from which it will be seen that 0 80 
mg of the enzymic matenal brought about a lowering of the inhibition end- 
point by four tubes, i e decomposed 94 per cent of the substrate under the standaid 
test conditions By definition, this amount, 0 80 mg , of the preparation con- 
tains one unit of activity With the same laboratory “ standaid ” a parallel 
senes of results w as obtamed for the H-enzyme tests 


Table I — Showing the Inactivation, of A-subsiance by Enzyme in 2 Hours at 37°, 

pH 7 0 


Enzyme 

Inhibition of agglutination of A cells by anti A 

Residual 

Calculated 

(mg per ml ) 

serum after the addition of the following dilutions 
of 0 10 per cent substrate 

1 2 1 4 1 8 1 16 1 32 1 64 1 128 1 256 1 512 

substrate 
(per cent) 

A enzyme 
(units /mg ) 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

100 

— 

0 2 

0 

0 

0 

0 

0 

0 

1 

2 

3 

50 

(12) 

0 4 

0 

0 

0 

0 

0 

1 

2 

3 

4 

25 

1 2 

0 6 

0 

0 

0 

0 

1 

2 

3 

4 

4 

12 

1 2 

0 8 

0 

0 

0 

1 

2 

3 

4 

4 

4 

6 

12 

1 0 

0 

0 

1 

2 

2 

3 

4 

4 

4 

3 

1 2 

1 2 

0 

1 

2 

3 

4 

4 

4 

4 

4 

1 6 

1 2 

1 6 

1 

2 

3 

3 

4 

4 

4 

4 

4 

0 8 

1 1 


0 = Absence of agglutination , 1 — groups of a few cells (the end point) , 2 = larger groups, 
many free cells , 3 = clumps visible without magnification , 4 = macroscopic agglutination 


In view of the insensitive nature of the agglutination inhibition test it is 
advisable to determine as closely as possible the amount of enzyme which will 
bring about a lowering by four tubes of the inhibition end-pomt of the standard 
substrate, measured under the defined conditions When many determinations 
of activity are mvolved, however, as is inevitable for example m following the 
efficiency of purification procedures, greater or less inactivation than 94 per cent 
is frequently recorded, and an empirical interpretation of the end-pomt litres 
given in Table I has been used for the determination of the activity of the 
preparations m terms of the proposed umts 

It has been found that if the difference m the number (N) of two-fold dilutions 
required to give the agglutination inhibition end-pomt before and after the enzyme 
has acted, be multiplied by the initial quantity of substrate (10 mg ) and divided 
by the amount of enzyme used, the result is approximately constant The above 
definition of the unit employed can therefore be expressed m the working formula 

N Initial substrate 
Enzyme umts 4 X Initial enzvme 

Table I contains the titration results obtained m one particulai experiment 
m which the enzyme-substrate ratio was varied 1-fold The calculated activity 
m umts is m each mstauce the same within the experimental error Similar 
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lesults were obtained when the H-enzyme and its substrate wei e examined The 
extent of substrate desti notion by an appropriate amount of on /a me was not 
affected by ten-fold dilution of the systom before incubation or by employing an 
acetate buffer 

Enzyme Pioduotion dnnnq Chowlh of Cl welchn {Type B) 

Culture filtiates show maximum activity as soon as vigorous gas evolution 
ceases, usually about 12 to 15 hours aftei inoculation The A-enzyme leaches 
its maximum title at this time and then declines, v heieas the H-enzyme, which is 
more stable undei these conditions, remains at this optimal level for at least 
another day The lesults of numeious expeiiments shoved that the production 
of the enzyme occurs equally well wliethci the medium fills small or large vessels 
The best yields are obtained when a 1 pci cent inoculum from a vigorously growing 
subculture is added to the warm medium, freshly supplemented with glucose and 
thiolacetic acid Poorei yields of A-enzyme, which, howcvei, shoved greatei 
specific activity, could be obtained by giovmg the oiganisms in peptone medium 
contained m a cellophane dialvsis sac, surrounded by fresh medium at 37° 

Stability of Enzyme Solution- s 

Cultures were centrifuged and the clear supernatant fluids stored at 0 to 2° 
under toluene If used within a day or so, the supernatant fluids show good 
enzymic activity against A-, B- and H-substances If lequired for use moie than 
a week later storage at — 10° without pieservative is essential, but not alvays 
successful for the A-enzyme The H-enzyme is fanly stable m aqueous solution 
at 0° Drying a fresh culture filtiate fiom the frozen state prevents lapid deterio- 
ration of the enzymes Precipitation of the enzymes by the addition of sohd 
ammonium sulphate to the cultuie medium gives use to a sticky scum, vlnch 
partially dissolves m 80 per cent of glycerol to yield a stable enzyme solution 
The addition of 0 4 per cent of gelatin, gum arable, or peptone, does not stabihze 
aqueous solutions of the A- and B -enzymes The stability of the enzymes vas 
examined at pH levels between 3 and 12 by incubating for an lioui at 20° befoie 
readjusting to pH 7 0 and testing It was found that the A- and H-enzymes 
retamed their full activity under these conditions from pH 5 up to a value as 
high as pH 1 1 

In confirmation of the earlier results of Morgan (1946), it was found that incu- 
bation m the absence of substrate for one hour at 56° desti oys the A- and B- 
enzymes and such heated preparations can be used for conti ol purposes Fig 1 
shows that the A- and H-enzymes can be qualitatively diffeientiated m the one 
direction by heating at 55° for 10 minutes owing to the relative stability of the 
H-enzyme m buffer (pH 7 0) at this temperature A preliminary incubation of 
the enzyme-substrate mixture at 55° or 60° for 10 minutes pnoi to the usual 2- 
hour reaction period at 37° reveals that the A-enzyme is protected at 55° by its 
substrate, but not at 60°, while the H-enzyme is protected at 60° 

If, after the usual enzyme-substiate incubation for 2 hours at 37°, a further 
1 0 mg amount of substrate be added, it has been found that on repeating the 
incubation, complete inactivation of the additional H-substance by the H-enzyme 
occurs However, the A-enzyme is unable to inactivate the extia A-substiate 
completely — a finding which is not unexpected m view of the more labile character 
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of the A-enzyme, which presumably loses the protection of its substrate towards 
the end of the first incubation period 

Unit quantities of the purified enzymes m phosphate buffer were incubated 
for 2 hours at 37° with equal volumes of 0 02 m solutions of the following sub- 
stances Potassium cyanide, formaldehyde, glycerol, ascorbic acid, phenol, 
manganous chloride, feme chloride, lead acetate, and silver nitrate After further 
incubation with substrate, the H-enzyme titre was found to be enhanced by the 
first and depressed by the last three substances Inhibition only occurred in 
tests where precipitation of the metal phosphates occurred The serological test 
was not affected m blank experiments by the substances which appeared to inter- 
fere with the enzyme These results are similar to those reported by Sehiff and 
Weiler (19316) and by Stimpfl (1932) 



Fig 1 — Differential inactivation of A and H- enzymes by incubation for 10 minutes over tho 

range 50-60° 

Optimum Temperature and pH of Reaction 

The optimum temperature for the reaction between the A- and H-enzynies 
and their substrates was investigated by incubation at pH 7 for 2 hours The 
results indicated that both enzymes are most active over the range 40-45°, and 
still appreciably inactivate their substrates at temperatures above 50° Fig 2 
is a composite curve based on over fifty readings averaged over 5° temperature 
intervals m order to detect the small differences m activity observed between 
30° and 50°, measurements on both A- and H-enzymes being combined, since there 
were no observable differences between them This conclusion is not at variance 
with the evidence on temperature stability, for m the latter experiment no sub- 
strate was present 

The rate of enzyme action at 37° w ns approximated doubled at 47 and hah ed 
at 27° The results set out m Fig 3 show that purified enmnes can bt n^a\ed 
in 10 minutes instead of the 2 hours required for culture filtrates Jnnctn at ion 
32 
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Fig 2 — The variation of enzyme activity with tompornturo Showing the mean values ovor 
6° ranges Extreme values differ by ± 20 por cent from those plotted 



Fig 3 — Showing the relationslup between incubation period and enzyme activity calculated 
from (a) the enzyme substrate ratio, winch was progressively halved as the mcubation period 
was doubled, and (b) the constant inactivation of tho substrate resulting from this pro- 
cedure 
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of the substrate to the same extent was obtained by keeping constant the product 
of enzyme concentration and incubation period 

To determine the influence of pH on the activity of the enzymes a standard 
enzyme preparation was mixed with 0 10 per cent substrate in the presence of 
citrate, phosphate and borate buffers to give pH values between 3 7 and 9 8 
The mixtures were incubated at 37° for 2 hours, readjusted to pH 7 0 and heated 
at 100° for 10 minutes before titration for undecomposed blood-group substance 
The averaged results of a number of experiments compose the curves given m 
Fig 4, from which it will be seen that there is a steady increase m A-enzyme 
activity from pH 3 7 to about pH 5 5 The activity then falls until at pH values 



Fia 4 — The variation of enzyme activity between pH4and!0 a (O OlAenzymo H (A A) 

H -enzyme , D {□ -□) depolymerase 


above 9 no significant inactivation of the specific substrate occurs The H- 
enzyme behaves similarly, but shows its optimum activity at about pH 0 5 In 
both instances, however, over 90 per cent of the maumum activity is shown over 
a range of 1 2 pH units In following the isolation and purification of the 
enzymes which will now be described, the measurement of enzymic activity has 
been earned out within the pH range G 8-7 0, vi hich provided a favourableconchtion 
for enzyme action, destruction of residual enzyme, and titration of residual 
substrate 

The Purification of the Blood-Group Enzymes 

The assessment of the specific activity of materials obtained a 1 ? a remit of 
fractionation of crude culture supernatant fluids nas made In c\pre-ing tin 
activity in terms of mg “tyrosine’ or mg of nitrogen T\ ro-me ’ vawhnr- 
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mined by means of a plioto-electnc eoloiimeter aftei the addition of sodium car- 
bonate and Folin and Ciocalteu’s icagent (1027) to samples containing 20-40 gg 
“ tyrosine ” (hght filter Ilfoid 204) Nitrogen was similarly deternnned with 
Nessler’s reagent (hght filter Ilfoid 302) after samples of the enzyme prepara- 
tions, containing 20-40 (xg N, had been digested v ith H 2 S0 4 and H 2 0 2 , using a 
procedure similar to that described by Miller and Miller (1948) The more con- 
venient estimation of “ tyiosme ” was permissible, since the quantity of nitrogen 
present m purified material was consistently 3 7-3 8 times greater than the 
“ tyrosine ” content 

The addition of 70 g per cent (NH 4 ) 2 S0 4 to fresh culture supernatant fluids 
gives rise to protein scums which are paitly soluble in aqueous buffer at pH 7 
By this means the specific activity is increased about eight-fold for a 30 per 
cent recovery of the enz3Tn.es 

Further snmlar experiments demonstrate that the most active material, 50 
H-emyme units per mg tyrosine, is thrown out of solution between 40 and 43 
per cent added (NH 4 ) 2 S0 4 , but this fraction accounts for onty a small part of the 
total activity 

Attempts to remove impurities from crude enzyme preparations b} r simple 
diatysis were without success owing to the extensive loss of enzymic activity 
Ultrafiltration by means of diatysis sacs, strengthened Ijy silk jackets and kept 
under reduced external pressure, reduced the fluid to one-tenth of its original 
volume A considerable degree of purification is achieved b3 r this means, but 
agam the total activity recovered indicates that an extensive loss occurs 

Shaking culture filtrates or partially purified material in Mcllvaine buffer 
at pH 7 with alumina, bentonite, calcium phosphate, Cehte, Decalso, Fuller’s 
earth, kaolm and magnesium siheate failed to bring about a separation of the 
enzymes or to remove useful amounts of impurities Passage of the nnxed 
enzymes through columns of charcoal-glass powder mixtures usually resulted in 
the adsorption of at least 50 per cent of the A-enzyme activity, together with 30 per 
cent or so of the total sohds m the preparation Passage through columns of alu min a 
or calcium phosphate, however, allowed half the H-emyme to be recovered m 
the filtrate with very httle A-enzjrme On no occasion was there evidence that 
the adsorbed enz3rmes could be eluted by altering the pH or by running moderate 
concentrations of electrocutes through the columns 

Attempts to adsorb the enzymes on charcoal in the presence of 3 m (NH 4 )„S0 4 
were more successful, for subsequent elution from the charcoal with lM (NH 4 ) 2 S0 4 
or buffer at pH 7 0 gave satisfactory yields of enz3Tn.es of considerabty enhanced 
purity For example, 1 0 g of dried crude culture filtrate was dissolved m 20 
ml 3m (NH 4 ) 2 S0 4 and shaken gentty with 0 40 g charcoal The charcoal was 
recovered and eluted successively with 2m (NH 4 ) 2 S0 4 , 1m (NH 4 ) 2 S0 4 and water 
As 1m (NH 4 ) 2 S0 4 appeared to have only a slight influence on the agglutination 
inhibition test, the two (NH 4 ) 2 S0 4 eluates were reduced below this salt concen- 
tration by brief dialysis at 0-3° The behaviour of the enz3Tne diatysed after 
exposure to similar concentrations of (NH 4 ) 2 S0 4 m the absence of charcoal served 
as a control There is an mcrease m the specific activity of the control material 
as a direct result of simple dialysis The results show that when crude enz3 7 me 
preparations which possess one H-unit associated with one mg “ tyrosine ” are 
adsorbed in the presence of 3m (NH 4 ) 2 S0 4 and eluted by 1m (NH 4 ) 2 S0 4 , half of 
the emyme is recovered m the eluate and the material so obtained then shows 
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about 40 H-units per mg “ tyrosine ” Table II indicates the degree of duplica- 
tion obtained m consecutive experiments, the pairs of figures for specific activities 
showing good agreement 


Table II — Showing the Activity of Enzyme Preparations Eluted from Chat coal by 
Reducing the Ammonium Sulphate Concentration 


Fraction tested 

Ammonium 

H units 

H-umts/mg 

sulphate (m) 

per cent 

tyrosine 

Original 

0 

(100) 

1, 

1 

Control 

3 

60 , 70 

3, 

3 

Eluate A 

2 

6 , 3 

5 , 

4 

Eluate B 

1 

38, 23 

40, 

40 

Eluate C 

0 

6, 4 

7 , 

S 

Filtrate 

3 

10, 15 

1 , 

1 

Sum 

— 

60 , 45 

3, 

3 


The addition of 3 volumes of acetone to the crude filtrates as suggested bv 
Sehiff (1939), who employed a different medium, resulted m the deposition of an 
oily layer without giving nse to a significant increase in the specific activity of 
the material thrown out of solution Treatment of fresh culture filtrates tilth 
an equal volume of acetone at 0° gave a satisfactory increase in punty with a 
yield of 70 to 80 per cent of the original activity Methanol and ethanol have 
been employed with similar results This method was used to prepare a quantity 
of the mixed enzymes suitable as a laboratory “ standard ” The details for 
preparing a useful quantity of enzymic material by this process are as follows 
Corneal flasks filled nearly to the neck with 950 ml of sterile peptone medium 
were inoculated and incubated overnight at 37° “ Superaid,” 0 5 per cent, was 

added and the culture fluid filtered through paper After coohng m an ice- 
salt bath the filtrate was mixed with an equal volume of acetone which had been 
cooled to — 30° Regulation of the rate of acetone addition during the 10-15 
mm required to complete the process ensured that the precipitation took place 
at 0° Material thrown out of solution was collected by centrifugation and 
extracted with 25 ml of cold Mcllvaine buffer at pH 7 0 In six such experiments 
the average yield of the enzymes, purified some 150 times with respect to nitrogen 
or “ tyrosine,” per unit of activity, was not less than 60 per cent Fuither ex- 
traction of the residue with buffer after the first treatment melded additional 
material of lower specific activity The mam extracts vere nnmediatelv shell- 
frozen m large round flasks and dried at 0 1 mm pressure from the frozen state 

Table III — Showing the Activity of Acetone-Precipitated Blood Group Enzymes 


Original 

A enzymo 

H enzvmo 

Dcpolymcrnse* 

Nitrogen 

(A\ AandHuruts/g) 

(uruts/g ) 

( units /g ) 

(umts/g ) 

(mg /g ) 

25 

26t 

24f 

lit 

70 

25 

1700 

1200 

450 

11 

36 

1600 

1600 

640 

10 

4S 

2600 

2400 

440 

22 

5S 

2000 

2000 

500 

IS 


* After storage for "1 months 
t Crude filtrate not neetouo prec 

ipituted 
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Thorough drying m vacuo over P 2 0 5 of the white powders so obtained was followed 
by transfer to Macartney bottles at 0° It was noticed, however, that not more 
than half the initial activity remained aftei two months’ storage under these 
conditions Details of the acetone precipitation of 4 culture filtrates are set out 
m Table III The corresponding figuitis for a crude filtrate are also included A 
carefully purified preparation contains at least 120 units of A- and H-actmty 
per mg nitrogen Reprecipitation of mateiial showing tins order of activity 
with 0 4-1 3 volumes of acetone under the above conditions did not significantly 
increase the punty 

Immumzahon of Babbits with Enzyme Preparations 

As a result of the failure to obtain piepaiations of A-enzyme devoid of pouer 
to inactivate H-substance by the methods described, an attempt uas made to 
immunize rabbits with H-enzyme v ltli the hope that an anti-H-enzyme v> ould be 
produced winch could be used to block the specific activity of H-enzyme without 
influencing the A-actmty of the preparation To this end rabbits were immunized 
with the unheated enzyme and with preparations heated at 5G° for 10 min , 
which showed considerable specific A- andH-, andH-enzymic activity respectively 

The toxic nature of the material injected caused the death of four of the 
experimental ammals, but one animal m eacli of the two groups survived the 
immunization and received a total of 1 G mg of enzyme protein over a period of 
4 weeks The natural A- and 0 -agglutinins were removed from the rabbit sera 
and suitable amounts of the sera were included m the standaid test for enzyme 
activity The results are given in Table IV, and show that on mixing the rabbit 
serum with the enzyme before the addition of substrate, some of the enzyme w as 
neutralized or inactivated, for less enzymic activity was found than v as added 
Normal serum had no such effect 

Table IV — Showing the Neutralization of Enzyme by the Serum of Babbits 
Immunized with (a) Heated and (b) Unheated Enzyme Prepai ahons 


Antigen 

Antiserum 

Units 

Units 

(enzyme) 

used (ml ) 

present 

found 


r 0 50 

1 0A 

0 

Heated 

\ 0 50 

1 5A 

0 5 

J 0 25 

1 5A 

1 0 


C o 50 

1 7H 

0 


f 0 50 

1 5A 

0 

Unheated 

1 0 25 

0 12 

1 5A 

1 5A 

08 

1 2 


( 0 50 

1 7H 

0 


The Enzymic Depolymerization of Pig Gastric Mucoid 

Specimens of mucoid isolated from commercial hog gastnc mucin frequently 
show a high viscosity, and it has been observed that during the enzymic inacti- 
vation of the A and H serological properties of this material, a rapid fall in vis- 
cosity occurs In our experience specimens of A- or H-mucoid isolated from 
individual pig stomach linings by peptic autolysis, and the A- and H-substances 
recovered from human ovarian cyst fluids, show no significant viscosity Artificial 
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mixtures of A- and H-substances which individually show low viscosity are also 
non-viscous It would seem, therefore, that a component of the commercial 
mucoid which is neither A- nor H-substance is responsible for the high viscosity 
of tins material It is of interest that the “ depolymerase ” present shows many 
properties which are similar to those of the group enzymes, and has been found to 
accompany these enzymes to the same extent after they have been purified as 
much as two hundred-fold m terms of the A- and H-enzyme activities (Table III) 
The highly viscous substrate is not depolymenzed by hy aluromdase, and solutions 
of hyaluronic acid are not rendered less viscous by the blood-group enzyme pre- 
parations Unlike hy aluromdase, the Cl welchn depolymerase does not requne 
optimum salt and buffer concentrations The behaviour of buffered solutions 
of the depolymerase in the presence of the mucoid was followed m Ostwald pattern 
viscosimeters over a period of about 30 minutes at 37° During this time a 
typical Cl welcTm (Type B) filtrate will reduce the relative viscosity of an equal 
volume of 0 25 per cent gastric mucoid from 1 6 to 1 3 The amounts of enzyme 
and substrate chosen were governed by the fact that at substrate concentrations 
greater than 0 25 per cent, the relationship between flow time and substrate con- 
centration m the absence of enzyme ceased to be linear The quantity of depoty- 
merase present in the Cl welchn culture filtrates decreased steadily after reaching 
a maximum at the end of 24 hours’ growth The pH-actmty curve foi this 
enzyme and the pH-stabihty range, which is considerably narrower than that of 
the blood-group enzymes, are shown m Fig 4 Behaviour similar to that of the 
blood- group enzymes was noted on adsorption and precipitation, e g one-thnd 
of the depolymerase was recovered from culture filtiates by adding 70 pei cent 
ammonium sulphate, the specific activity bemg increased 8 times, wheieas the 
acetone purification procedure described above improved the specific activity 
some two hundred times Hydrogen peroxide, potassium cyanide, and ascorbic 
acid, 0 02 m, caused some inhibition of activity Toluene and merthiolate could 
safely be used as preservatives for the enzyme preparations, which were found to 
be stable for several weeks in the refrigerator 

DISCUSSION 

The action of the enzymes present m the cultuie supernatant fluids of certain 
strams of Cl welchn (Type B) has been examined, using preparations of blood- 
group substances of animal and human ongm as substrates 

The enzyme activities can be differentiated by heating the mixed enzy me 
preparations for 10 minutes at 55°, whereby the power to destroy the A and B 
serological character is lost The capacity of the resulting solution to inactn ate 
the H-substance is, however, unimpaired, and quite potent preparations of H- 
enzyme free from A- and B- activity can be obtained in this manner Attempts 
to separate the enzymic activities hy fractional precipitation techniques that 
involve the addition of ammonium sulphate, organic solvents or certain adsorbent- 
to the crude culture filtrates have been, from a practical point of view , large K 
unsuccessful Si mi larly, adsorption on charcoal columns failed to bring about 
a useful separation of the enzymes Bv applying certain of time procedure - 
however, the specific activities related to total nitrogen or “ t\ ro-mc vc re < on- 
siderably increased Nevertheless, no useful separation of the in/\m<- w 
attained either from each other or from the depoh morale 

The properties of the enzvmes most thoroughly studied an* -ummari/j-d in 
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Table V It might be deduced from the results given there that the depoly- 
merase could be freed from blood-group enzyme activity by dialysis, and that the 
depolymerase could be lemoved from the blood-group enzymes by allowing the 
preparations to stand at pH 11 for an hour at 100 m temperature, but we have 
made no attempt to accomplish these changes 


Table V — Summarizing the Piopcrhcs of the Blood Group Enzymes and Hog 

Mucin Depolymerase 

Property A onzymo H oiwymo Dopolymcrnse 


pH optimum 

5 5 

6 5 

6 8 

Half activity, pH 

4 9, 8 2 

4 9, S 3 

5 6, 9 1 

pH stability range 

5-11 

6-1 1 

5 6-7 6 

Temperature optimum 

40-46° 

40-45° 

38° 

Inactivation tempeiature (10 nun ) 

56° 

60° 

56° 

Half activity, temperatures 

26° 63° 

25° 53° 

33° 50° 

Growth optimum (days) 

1 

1 

1 

Stability on dialysis 

± 

± 

+ 

Stability on storage (liquid) 

— 

± 

± 

Average purification ratio (acetone) 

200 

200 

200 


The general lack of distinction between the physical properties of the blood- 
group enzymes is of interest It could be surmised that certain groupings on the 
enzymic complex which are specific for the A- or B -substrate or responsible for 
the depolymenzmg activity become denatured, leaving other groups unaffected 
and still able to bnng about the inactivation of the H seiological character The 
evidence m support of such a conclusion is, however, far from complete The 
inactivation by the enzyme preparation of the specific mucoids associated with 
the “ Lewis ” blood-gioup characters, Le a and Le b (Mourant, 1946 , Andresen, 
1947), has already been recorded (Grubb and Morgan, 1949) 

The purified A-enzyme destroys the specificity of Group A mucoid v hen this 
character is measured by the haemolytic inhibition test, and m this property 
it differs from that shown by some crude enzyme preparations obtained from 
other types of Cl welchn (Morgan, 1946) which failed to accomplish the destruction 
of A-specificity when measured by tins technique It is to be noted, however, 
that the differentiation of the two serological properties, the power to (a) ininbit 
iso-agglutination and ( b ) prevent the haemolysis of sheep-cells by rabbit seium, 
can be brought about by other means Thus, it has been shown that after treat- 
ment with dilute acid the former activity is destroyed, whereas the latter activity 
is enhanced (Aminoff, Moigan and Watkins, 194S) 

A strictly quantitative interpretation of the enzymic inactivation of the group 
substances m terms of the inhibition of agglutination is not straightforward ivlien so 
bttle substrate remams, and when the mdicator systems are relatively insensitive to 
changes m concentration of the reactants The formula used to determine the units 
of activity when smallei or greater amounts than 94 per cent of the substrates aie de- 
composed is based on the assumption that the reaction is not seriously affected by 
the almost complete destruction of substrate, and although piimanly empirical, is of 
considerable practical value, and enables one to avoid making several titrations to 
determine the amount of the enzyme preparations required to bnng about a 
lowering of the inhibition end-pomt by exactly four tubes 
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Information about the chemical changes induced m the group active mucoids 
by the enzymes cannot readily be obtained when excessive amounts of crude 
enzyme material must be employed to destroy the serological character of these 
substances The purified enzymes now described contam one-tenth as much 
nitrogen per unit as 1 0 mg of the specific blood-group mucoid They are, there- 
fore, suitable for investigations of this kind and are being emplo 3 7 ed foi this 
purpose S i mi l arly the action of the enzymes on the group specific character 
of stroma and intact erythrocytes is being studied 

SUMMARY 

The production from cultures of Cl welclm of enzymes which destroy the 
specific serological characters of the human blood-group substances is described 

A quantitative method for measuring the activity of the enzymes has been 
apphed to a study of their properties The optimum pH values for the A- and 
H-enzyme activities are 5 5 and 6 5 respectively, and both enzymes are stable 
over the pH range 5-11 

A considerable purification of the enzymes was accomplished by the proceduies 
descubed, and preparations containing 60 per cent of the ongmal activity asso- 
ciated with 0 2 per cent of the crude filtrate mtrogen were obtained These 
enzyme preparations, however, are not always stable when stored in the liquid 
or freeze-dried condition 

The serum of rabbits immunized with the purified enzymes developed weak 
anti-enzyme properties 

An additional enzyme which accompamed the group enzymes depotymenzed 
an unidentified substrate in the “standard ” preparation of hog gastric mucin 
The enzyme is stable between pH 5 6 and 7 6, and shows an optimum activity at 
pH 6 8 
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Serological analysis differs from other analytical procedures m that by 
itself it can demonstrate no more than a lack of homogeneity The method to 
be described here combines specific flocculation -with diffusion of antigen and 
antibody through a matrix so as to reveal the piesence of individual systems 
within a mixture The resulting flocculation can be identified by interactions 
with known flocculating systems 

The Limitations of Serological Characterization 
Detection of impurities 

The specificity of serological reactions needs no emphasis Substances, such 
as the egg albumins of buds so closely related as the hen, turkey and guinea-fow 1, 
which are beyond differentiation even bj r their electrophoretic mobilities, may yet 
be distinguished serologically The weakness of serology is that in practice it is 
based on trial and error a substance pure by chemical criteria is used to make an 
antiserum, which is then used to detect the homologous substance in solution 
Nevertheless, because of serological sensitivity and specificity, “ impurities ” 
canm this way often be detected m preparations which have passed all other tests 
There must be some preliminary idea, however, of the substances to be sought , 
for though the character of impurities may often be suspected from the nature 
of the original material and the methods of purification used, frequently the final 
and purest material obtained by physico-chemical means is a mixture winch 
offers no hmt whatever of its constituents 

Cross reactions 

There is another serological test for homogeneity If one antigen leacts 
with serum prepared against a second antigen, both are regarded either as being 
identical or as containing an identical component, m the latter case the antigen 
bemg a mixture If the first antigen is identical with the second it will, suitably 
mixed, remove all the antibody from the serum Eoi obvious reasons the leversed 
experiment will hold , and a serum prepared against the first antigen should 
also behave similarly The weakness of this approach lies m the fact that if 
both antigens are identical mixtures they may behave as though they were 
homogeneous 

* The subject matter of tins paper formed part of a thesis submitted to the Unn ersity of London 
m July, 1948, for the Ph D degree 
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Irregularities in quantitative tests 

Multiple zones of flocculation by the tube method are accepted as evidence 
of a mixed system, but usually httle can be learnt about the number of antigens 
present m the mixture, smce closely spaced individual zones coalesce into a single 
broader zone Furthermore, many of the observations on floceulative behaviour 
have been made with systems now known to be impure, and deductions so based 
may well be erroneous It is doubtful whether a substance pure m the serological 
sense has so far been employed m the study of floceulative behaviour, for evidence 
of punty has always been chemical or serological and subject to the limitations 
outlined above The purest substance, from the serological standpoint, winch 
has been used for flocculation experiments is diphtheria toxoid This is well 
known to show a rather odd floceulative behaviour and is regarded as an exception , 
it may well be that its behaviour is the rule and not an exception, the “ rule ” 
having been deduced from observations on mixtures 

Errors Inherent in the Tube Technique, of Precipitation 

It is customary to carry out flocculation reactions with the volumes constant 
Variation of the relative proportions of antigen and antibody is achieved by 
usmg a unit volume of one reagent and adding varying dilutions of the othei 
The fundamental observation concerning flocculation by the tube technique 
was that the velocity of the reaction was greatest at fixed proportions of the tv o 
reagents That this indeed was of fundamental importance was furthei home 
out by the fact that the optimal proportions by flocculation show ed close agree- 
ment with the neutralization of toxins and with the complete removal of antigens 
showing no indicator effect Closer investigation of various systems led to the 
unexpected fact that m some cases constant antibody (alpha) and constant 
antigen (beta) titrations showed different optimal proportions This has been 
regarded as of theoretical importance, but as most of the observations v ere 
earned out m tubes with fixed volumes, the essentially artificial nature of the 
approach was not appreciated 

The limitations of the method become clearer if a hypothetical beta titration 
is examined (Fig 1) In this it is assumed that one unit of antigen is equivalent 
to one unit of antibody, and therefore tins combination has the greatest floccu- 
lation velocity The steps of the antibody dilution are successively 1 5 tunes 
greater Instead of the dilution factors, however, arbitrary antigen and antibodv 
units have been used It is clear that the 7th tube contains the tv o reagents in 
equivalent quantities This is the tube therefore vhich vill have the grouted 
reaction velocity (since the equivalence was chosen on this bans) Tubes on 
either side will show a lesser degree of precipitation representing reduced icaction 
velocity, until on either side a point is reached where the velocitv is — for practical 
purposes — ml Thus Tubes 1, 2 and 3 show no precipitation, and this is known 

as the zone of antibodj’ excess Similarly Tubes 13 and 1-1 arc clear Tin- i- 
the zone of antigen excess The zone of precipitation is seen to be ns\ mnutrif il 
If Tube 5 is now examined, a moderate degree of flocculation found At tin 
time of mixing it contained 100 antigen and 200 antibodx unit- a ratio of 1 J 
Assuming each unit of antigen to unite with one unit of antibf*d\-- t ft< t vim h 
seems to be warranted from the behaviour of the optimum lube , — b\ th< tin* 1 
00 units of antwen hace united with 00 units <jf mtibodv t I k ntio would h 1 
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deteriorated to 1 101 A glance at Tube 3 shows that a latio of 1 4 no longer 

flocculates, and consequently the reaction would hare stopped — or taken a different 
course — long before the antigen excess of 1 101 was reached Similai considera- 

tions appty to the antigen excess pait of the piecipitation /one In Tube 11 the 
initial latio of 4 parts of antigen to 1 part of antibody is compatible nth 
flocculation, and may be thought of as giadunlly altenng until theoretically the 
ratio of 76 units of antigen to 1 unit of antibody is reached Tube 13 shows, 
howevei, that 8 units of antigen and 1 unit of antibody nil no longer flocculate, 
and the leaetion must stop long befoie attaining a latio of 70 1 

In fact the composition of the piecipitate vanes with the pioportions of the 
reagents, the leaetion taking a different course m each tube Each of these 
different reactions must have a leaetion velocity smallei than that of the com- 
bination in the optimum tube, since the equivalence ms arbitranty chosen at 

I 2 3 4 5 6 7 8 9 10 11 12 13 14 

100 100 100 100 100 100 100 100 100 100 100 100 100 100 A 


800 600 400 300 200 150 100 75 50 375 25 18 75 12 5 6 25 G 



Fig 1 — Constant antigen titration of a hypothetical flocculating system Tho figures refer 
to units per unit volume, and it is assumed that ono unit of antigen is equivalent to ono 
unit of antibody 


the greatest velocity It might be aigued that the solubility equihbiia of the 
compounds formed m the various tubes determine the result, but tins Anew is 
not essentially different from the dynamic concept, and lias the disadvantage 
of expressing results in terms that are not dnectly obtained fiom the experiment 
This is the point of weakness of the tube method that m a senes of tubes an 
essentially different leaetion takes place m each In eveiy tube, except the 
optimum, the system is undei a distortion, which tends to become moie accen- 
tuated as the reaction progresses The tiue optimal ratio is not likely to be 
included m any set of titrations using a finite numbei of tubes, but will usually 
he either to the right or to the left of the “ optimal ” tube, and the distorting 
effect described will come into play These consideiations already constitute 
a criticism of the tube method If it is now assumed that the systems are multiple, 
involving several pairs of antigen and antibody, then tlieie aie seveial pinicipnl 
velocities, each surrounded by its own family of secondary velocities The teim 
“ secondary velocities ” is used to denote the leaetion velocities occurring at 
other than optimal proportions It is here suggested that the principal velocity 
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— the reaction velocity of the combination at optimal proportions of a given pair 
of reagents — is the fundamental feature of precipitin reactions This may, 
however, be obscured m the case of multiple systems with optima so close to 
each other that a single zone is formed The apparent optimum m such a case is 
misleading 

To sum up, the tube method is ill suited to the accurate determination of 
the velocity optimum of even a smgle theoretically pure system, and the charac- 
teristic velocity curves of multiple systems may be complete^ buried m what 
appears to be a single wide zone However, it is intended to show how a system 
may be set up m which the particles of each reagent are free to choose their 
partners at any concentration, and the optimal proportions are obtained imder 
dynamic conditions 

The Combination of Flocculation with Diffusion 

The law of optimal proportions manifesting itself m the form of a zone m the 
tube method formed an obstacle to the use of flocculation for the qualitative 
demonstration of either antigen or antibodj- The earhest attempt to overcome 
the zone effect was the introduction of the rmg test When a serum is overlayered 
with a dilute antigen, the resulting precipitation is largety independent of the 
relative proportions of the reagents The principle of this test is that an interface 
is formed between the antigen and antibody solutions, and from this plane 
antibody will diffuse upwards and antigen downwards In this way concentration 
gradients will be set up, which, with the mixing involved in the piocess of over- 
layenng, will produce conditions at some level including proportions capable 
of flocculation Tins simple technique held the pride of place m precipitin 
reactions for the first quarter of this century, not because its principle w as under- 
stood, but on account of its leady performance, and its applicability to the detec- 
tion of minute amounts of antigen Its circumvention of the zone phenomenon 
became obvious only in retrospect when the importance of the relative propoi - 
tions m flocculation reactions had been recognized 

A gel as a matrix for combining diffusion with flocculation appears to have 
been first used by Bechhold m 1905 He incorporated gelatin into an antiserum, 
and after settmg overlayered it with the antigen v Inch w as goat serum Aftei 
a tim e two sharply separated rings appeared winch he believed to mean that the 
Liesegang phenomenon had been reproduced with colloids Similar obsci rations 
were reported by Reiner and Kopp (1927) The multiplicity of antigenic com- 
ponents which w r ould afford an alternative explanation of such findings appears 
to have been completely neglected in the stud} of precipitin reactions until 
recently Nicolle, Cesan and Debains (1920) and Hanks (1935) mixed antigen 
with <mlatin and overlajered it with serial dilutions of the nntibodi Petrie 
(1932)° combined nutrient medium with diffusion matrix An antiserum was 
mcorporated into nutrient agar on which colonic* of homologous organisms 
showed surrounding rings of opacity, and streak moculu showed lines on eithn 
side These opacities were thought to be due to flocculation bet wan *i>a ifu 
polysaccharide, liberated In autohsi* and antibodx m the a«ar Imm* it*' If 
The nature of the reaction was confirmed In model experim* nis m wln< Ii homo 
logons purified polx saccharide was dropped on an agar base contummr pn» true, 
coccal antisei um Sia and Chung (1932) working independent^ on tin or - t'ro 
transformation of types u*ed the same method Petrie ami Me d.be u (l"i o 
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applied the method for the recognition of toxicogenic clostndia by using a medium 
specially suited for toxin production and adding antitoxin to it Concentric 
rings were accepted as a positive leaction, and v, ere believed to be due to the 
Liesegang phenomenon Multiplicity of the toxins was not suggested as an 
explanation Thej^ weie less successful with G i hphlheriae, but Ouchterlony 
(1948) reported reasonably good agreement between this method and the guinea- 
pig test In model experiments he showed that streak inocula across a ditch 
containing antitoxin yield hnes which show joining Elelc (1948) obtained an 
antitoxin gradient by a filterstup moistened with antitoxin and sunk into a 
medium specially designed for toxin production It was found that tins method 
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Fig 2 — Diffusion gradient of diphtheria antitoxin m agar aftor 48 hours’ incubation at 37° C 


was apphcable to C chphthenae and to staphylococci The latter gave multiple 
hnes suggesting a multiplicity of antigens This system w r as free fiom non-specific 
opacities which may occur on serum media Carter and Wilson (1949) confirmed 
the practical usefulness of this test , Ouchterlony (1949) m a latei papei also 
reported good results with a largei series winch included ditch plates 

Thus diffusion can be utilized m two ways One reagent can be nicorpoiated 
into a matrix, and the other may be allowed to diffuse producing a concentiation 
gradient A system of this port will be free from the zone effect as long as the 
concentration gradient includes the optimal proportions for the fixed concen- 
tration m the matrix This, how r ever, involves the piepaiation of seveial plates 
with various antitoxm concentrations, as in the methods of Petrie and Steabben 
(1943) and Ouchterlony (1948) The other way is to allow diffusion of both 
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reagents so that two concentration gradients are formed m the matrix This 
may he referred to as the double-diffiision-gradient method, and has considerable 
advantages over the first in that it produces conditions not only for the interaction 
of antigen and antibody in all proportions, but also for the maintenance of a 
contmuous and progressive reaction 

A concentration gradient of a diffusible reagent is produced by incorporating 
it at one point in the shallow layer of agar m a Petn dish If a filterstrip soaked 
with a concentrated antibody or antigen is used, the concentration gradient due 
to diffusion can be visualized m the form of orbits, points of equal concentration 
being equidistant from the edge of the stnp In actual fact only a small part 


i 



Pig 4 — Composite diagram showing the effect of varying the ratio of antigen to antiboch 
The antitoxin was kept constant at 0 1 ml of 4000 units per ml TIio toxoid eoncentrntino 
was varied from 4000 units per ml to G2 5 units per ml , 0 I ml of each dilution being used 


of these orbits can exist on account of the shallow la\ er of the agar The sections 
of the orbits vail be at light angles to the surface, and for practical purposes lines 
parallel to the edge of the filterstnp represent ecpial concentrations The onh 
exception is the region next to the filterstrip Here foi a feu millimetres con- 
ditions are different, as the position in depth of the strip influence 1 - the angle 
of the oibit and its face vill not be at right angles to the surface The effect of 
this tilting will be leferred to later 
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After the setting of the agar a similar strip soaked with 0*1 ml of purified toxoul 
of 4000 units per nil was placed on the surface of the first plate at right angles 
to the other strip Doubling dilutions of the toxoid w ere prepared, and a series 
of plates made by varying the concentration of the toxoid and keeping the anti- 
toxin concentration steady at 4000 units per ml Fig 3a shows the result with 
0 1 nil of 500 units pei ml of toxoid, and Fig 36 with 0 1 ml of 4000 units pei 
ml It will be noted that the points of msei tion of the lines are altered by different 
concentrations of the reagents This method furnishes a convenient means of 
determining the concentiation giadients m the plate After 48 hours’ incubation 
the plates weie placed on photographic paper and contact prints were made 
The hnes thus obtained were superimposed and the diagiam shown m Fig 4 
was obtained The points of insertion of the hnes and also the angles formed 
can be seen to vary The variation is from 96° with 4000 units of toxoid per ml 
to 76° with 62 5 units per ml The point of insertion of any line into the toxoid 
strip represents the equivalent concentration of antitoxin at that point, assuming 
that over the area of the toxoid trip itself the concentration is uniform — a valid 
assumption for practical purposes The distances of the points of insertion 
from the antitoxin strip can be measured and the antitoxin gradient thus plotted 
Strictly speaking, as the hnes are not formed quite simultaneously, the “ observed” 
gradient will represent a slight distortion from the true gradient, but the actual 
difference in the values obtained is likely to be within the experimental error of 
the method If hnes parallel to the edge of the antitoxin strip be drawn from 
the pomts of insertion of the various flocculation hnes m Fig 4, these will represent 
antitoxin concentrations corresponding to the flocculation hnes from which tliev 
originate These hnes will cut the other flocculation hnes, and the points of 
crossmg will yield the toxoid concentration at that point In this way values 


EXPLANATION OF PLATES 

Fig 3a — Line of flocculation produced by the double diffusion gradient method Vortical 
strip contained 0 1 ml of purified diphtheria to\oid, strength 500 units per ml The hori- 
zontal strip contained 0 1 ml of diphtheria antitoxin, strength 4000 units per ml Incubation 
48 hours at 37° C 

Fig 36 — Experiment as 3a, except that the vertical strip contamcd 0 1 ml of toxoid, strength 
4000 units per ml Note that the lino of flocculation is nearer to the horizontal filterstrip 

Fig 9 — Flooculation of diphtheria toxin antitoxin and toxoid antitoxin systems demonstrating 
looping 

Fig 10 — Plate showing various diffusible antigens by two different strains of Staph aurcu i 
Flocculation lines due to the same antigen show looping Ono of the hnes produced b\ 
“ W 46 ” can be seen cutting right across the lme of growth of “ CN 338,” indicating that 
the latter does not produce this antigen 

Fig 1 la — Plate showing lines produced by Cl welchu typo A with polyvalent anti gas gangrene 
serum 

Fig 116 — Sundar experiment to Fig 11a, but incorporating human serum The Nagler effect 
is clearly shown, and is demarcated by the flocculation lmes furthest from tho filterstrip 

Fig 12 — Agar plate incorporating sheep red cells showing a strain of Staph aureus producing 
two haemolysms One shows marked inhibition and tho othor very little 

Fig 13 — Agar plate incorporating laked horse red colls inoculated with four strains of staphylo- 
cocci Strain “ C ” shows a turbidity which appears to bo spocificallj inhibited by the anti 
toxin 

Fig 14 — Antibody gradient produced by “ feeding ” tlie free edge of tho filterstrip The 
anti-human serum reveals five serological fractions in tho human serum used ns antigen 

Fig 15 — Successive amounts of anti human serum were dried into the horizontal filterstrips 
The vertical filterstrips contained the following No 1 = “ albumin ” fraction of human 
6erum , No 2 = complete human serum , No 3 = “ globulin ” fraction This nnti-liumnn 
serum appears to be mainly anti-globuhn 
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for various toxoid and antitoxin concentrations are obtained and their distance 
from the strip edge can be measured From the data thus obtained not only 
can the antitoxin gradient be plotted, but also the toxoid gradients at various 
initial values (Fig 5) 

This shows that both antigen and antibody can be incorporated m an agar 
base, so that a concentration gradient develops by diffusion for an appreciable 
distance The range is theoretically from the original concentration used, at 
the strip edge, to ml at some distance from it Although the actual rate of 
migration and consequently the shape of the gradiant may be different for 



Fig 5 — Diphtheria toxoid diffusion gradients in agar for different initial \ nlues after 

48 hours’ incubation at 37° C 


different antigens and antibodies, two gradients set at right angles to eacli other 
will lead to flocculation at optimal proportions along a plane which, viewed from 
above, appears as a line The fact that what appears to be a line in the photo- 
graph is realty a plane extending through the entire thickness of the medium 
can readity be seen m the actual plates if these are viewed b\ transmitted light 
wdien the fine knif e-edge of flocculation becomes quite obvious The lines arc 
seen to be broader at their insertion or may even appear split (see Fig i<i and lb) 
because the plane of flocculation is slightly tilted there as already described 
The conditions wFen two diffusion gradients are set at right angle*' to ' ah 
other are shown in Fig 6 For the sake of simplification the depth of the m< ditim 
is disregarded and the diagram reduced to two dimensions , 1 lie fir-t *- r t <> 
auows issuing from the antigen and antibod\ strips, a and a' repre-rnt- thmr 
33 
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concentrations at the end of a ccitain pcnod of incubation These conccntiations 
repiesent equivalence, and at the point of the first pan of anows precipitation 
occurs Aftei a furthei lapse of tune equivalence again occurs at the point of 
the secondaiy pan of airows, b and b', although the absolute quantity of the 
reagents is less Under these conditions flocculation \\ ill occur along a continuous 
line In the example chosen the antigen and antibody giadients aie such that 
they have the same shape, and the initial concentiation of the two icagcnts in 
the filteistups is equivalent These conditions pioducc a straight line passing 
at 45 degiees between the turn stnps and staiting at the angle formed between 
them In flocculation both antigen and antibody leave the svstem as the^ pass 
into the piecipitated phase Along the line theiefoie then respective concen- 



1 10 6 — Diagrammatic representation of the dynamics of the double diffusion gradient 

trations are determined by the solubility of the precipitate, and this is foi piactical 
purposes ml Particles equidistant from the line, showm m black, will nugiate 
m the direction showm by the arrows, as the giadient has to be leconstituted 
between the zero concentration on the hne and the concentiation still existing m 
the filter-paper Howevei, the particles taking pait m this new migiation will 
also ultimately flocculate along the hne In this way a continuous flow of the 
reagents occurs towards the hne which inci eases both m thickness and length 
Thus the double diffusion gradient is not only free from the zone effect but the 
dynamic conditions are such that the leaction pioceeds continuously towaids 
completion When the initial concentrations of the leagents m the stnps aie 
not equivalent, or the gradients have a diffeient shape, the hne of flocculation 
will not pass through the angle of the strips or the hne wall not be stiaight These 
conditions are a httle moie difficult to visualize, but the dynamics of the system 
remain essentially Unchanged 
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So far only theoretically pure flocculation systems have been considered, 1 e 
containing a single antigen and a single antibody From the pomt of view of 
flocculation, however, a “ pure ” antigen and a mixed antiserum, contaimng 
amongst others the homologous antibody, will still represent a pure system 
Likewise with a mixture of antigens and a smgle antibody directed agamst one 
of the antigens a pure system results m the sense that the combination of a single 
pair of reagents is beheved to occur These conditions are, however, seldom 
encountered m practice Antigens used for the preparation of sera are biological 
products, and even though they may be purified for the flocculation reaction. 



Fig 7 — Resolution of mi^ed precipitating systems by tho double diffusion gradient 


physico-chemical purification may not represent serological punt}’ Furthcrmoie 
even agamst a theoretically pure antigen several antibodies aie possible The 
utilization of the double diffusion method will usually lead to a separation of 
mixed systems Fig 7 shows the results with three hypothetical s\ stems The 
upper thin hne, the middle thick line and the lover dotted line represent floccu- 
lation reactions Each pan of reagents will produce its own diffusion gradient*, 
and will flocculate at its own optimal ratio The conditions of the experiment 
militate against the overlap of the flocculation lines, as the position, shape and 
angle of each hne mil depend on the concentration and diffusion rate of tin 
leagents involved Although these three s\ stems might show up ns a broad 
zone by the tube method, the introduction of diffusion brings a ih \\ ek merit 
which allows each to develop mdindualh Admittedh an overlap of the bur- 
nt their insertions may occur even under llie-e conditions but .-cpirution will 
occur further out when the differentiating effect of the diffusion conus into full 
plna To obtain complete overlap of two s\ stems the same initial tone ntrifmns 
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optunal proportions and diffusion velocities must be postulated for both antigens 
and both antibodies, and tins is not likely to occur 

In these remarks concerning the separation of the lines it is assumed that 
the second stage of pieeipitation reactions is specific The numerous examples 
of multiple flocculation systems, examined with the double diffusion gradient 
techmque, confirm this assumption Topley, Wilson and Duncan (103)) on the 
basis of agglutination expenments concluded in favour of Mariack’s lattice 
hypothesis which postulates a specific second stage They suggested that “ the 
interesting implications of Manacle’s hypothesis should be given due weight in 
future attempts to detennine the mechanism of those antigen-antibody reactions 
m which flocculation plays a part ” While w ith bacteria and red cells the question 
is comparatively easily approached experimentally, considerable difficulties anse 
with the identification of white piecipitates of different nature It will be seen 
that the double diffusion gradient enables one to identify a system noth a know n 
one, and thus furnishes staking proof of the specificity of the second stage in a 
field wdiere proof w r as still required 

In most natuially occurring s 3 r stems, such as toxin-antitoxin reactions, bod\ 
fluid antigens, etc , we know that the antigen is a complex made up of several 
substances, the number of which may not be know n Likewise the serum may, 
and often does, contain multiple antibodies The double diffusion gradient is 
comparable m its action to prism the constituent systems are separated into 
individual lines, as are the colours of the spectrum 

The Application of the Double-Diffusion-Gradient Method to Toxin 

Analysis 

In recent years it has become increasingly evident that crude filtrates of 
organisms known to produce toxm may contain moie than one poisonous antigenic 
factor Thus the term toxin ” shifted to denote these individual factors, 
and m some bacterial groups formed the basis of subclassification The analysis 
of toxm pattern, although of great interest from the medical and vetennan 
point of view, is greatly handicapped by the technical difficulties encounteied 
Suitable indicator effects of the individual toxins have to be found, and large 
numbers of quantitative tests against various reference sera aie required before 
the multiplicity of the factors can be estabhshed 

Determination of the number of lines 

Our knowledge of the toxic pattern is most complete foi the clostndia, and 
especially Cl welchn (Oakley, 1943) It seemed desirable theiefore to observe 
the apphcation of the method m tins field The experiment was earned out 
blindly, the constitution of the 8 sera used being unknown The material was 
kindly provided by Dr C L Oakley, of the Wellcome Physiological Research 
Laboratories, Beckenham, Kent Streak inocula of the organisms were used 
for the toxm gradient, as m tins way if satisfactory results w r ere obtamed they could 
more readily be apphed to the laboratory identification of the types The medium 
used had the following composition Difco proteose-peptone 2 pei cent, lactic 
acid (B P ) 0 035 per cent, maltose 0 15 per cent, agar pulv 2 pei cent, pH = 7 G 
This medium w r as tubed m 10 ml quantities, and immediately befoie bemg pouied 
w r as enriched with 0 5 ml of horse serum and 0 5 ml of Fildes’ extract Stnps of 
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filter-paper, 60 mm by 15 mm , soaked in undiluted clostridial antitoxin, were 
sunk mto the middle of the plate before the medium solidified Young broth 
cultures of the five organisms tested were centrifuged, and heavy streak mocula 



made from the sediment in the manner «ho\vn m the diagram (Fur v) 'I In pic* 
Avere incubated m a McIntosh and Filde<? jar for tieo d.tA - and fiml re idmr- v < t< 
taken after a lap=e of se\'eral da\ ^ at room temper iture 
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The data concerning the sera and toxic patterns were supplied after the 
conclusion of the experiment, and the information is shown m Tables I and II 


Table I 


Toxins 
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— Denotes lack of a measurablo amount of antitoxin ? Amount not determined 


Although the agreement with the expected findings is not absolute, the results 
are nevertheless striking The two sera luiown to contain the highest number 
of individual antitoxins, R 9078 and RR 2452, give most lines with Cl itelchn , 
Type C, which in turn has the most complex toxin pattern Serum EX 1155 
was a normal human serum and yielded no hnes at all In attempting to assess 
the agreement, the limitations of the method should be stressed The medium 
used may not yield all the toxins obtained m a cooked meat medium, and not all 
antigemc diffusible products are necessarily toxins In spite of these limitations 
one practical apphcation of the method is at once apparent , it seems possible 
to correlate the number of hnes produced with the type of the organism Thus 
with suitable modifications a method may be elaborated for the typing of Cl 
wdehn, based on the number of hnes produced until various test sera 

The rule of looping 

It follows from the theoietical considerations ahead}' discussed that hnes 
produced by identical systems must be continuous by this method, or in other 
words the lines thus produced must loop Identical systems foi these purposes 
are those m which either the antigen or the antibody or both are identical Thus 
Fig 9 shows looping between the toxoid-antitoxin hne issuing from the veitical 
strip, and the toxin hne issuing from a growth of virulent diphtheria bacilli 
Although toxoid and toxin differ by their physiological effect showing a difference 
m chemical constitution, they unite with the same antitoxin and therefore behave 
like identical systems Looping occurs because the points of optimum propoi tions 
foi a smgle system must fall on a continuous hne As two hnes approach each 
other a summation of the antigen concentration occurs m the legion, and the 
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relatively largei amount of antigen will find its corresponding ratio of antibody 
nearer to "the strip This will lead to a bending of the lines towards the antitoxin 
strip and finally to their fusion, smce for each antigen concentration there is only 
one optimal antibody concentration m the field This only applies, however, if 
the hues aie formed at the same time Lack of loopmg — and consequently 
enoneous interpretation —may occur if one of the fines is already well formed 
when a second approaches it The dynamic conditions of the double diffusion 
gradient are such that the concentration gradients suffer a deformity m the 
vicinity of a fine after a while, and consequently the second fine approaching it 
may show angular joining or none at all 

Looping is a practical means of identifying an unknown system with a known 
one Furtheimore, m the case of multiple fines produced by different strains 
loopmg will show whether the diffusible antigens are shared or not Fig 10 
shows two strains of staphylococci tested against a serum known to be rich in 
antibodies to alpha and beta haemolysins The medium used was Difco heart- 
infusion broth to which 0 2 per cent KByp0 4 , 0 03 per cent MgS0 4 and 1 5 per 
cent agai were added, and the pH adjusted to 7 4 Plates were poured with the 
addition of 1 per cent horse red cells washed m saline, reconstituted and laked 
with saponin The plate was incubated m 30 pei cent C0 2 m air for two days, 
and photographed after four days at room temperature Amongst others two 
heavy fines are issmng from stram “ W 46 ” The antigen responsible for one 
of these is not produced by stram “ CN 338 ” and the fine cuts across the streak 
of growth Loopmg is shown by the other fines, reveahng that these antigens 
are shaied Loopmg can thus be made uBe of in various ways The diffusible 
antigen pattern, which includes the toxins, of organisms can be studied and 
compared The individual systems can be further investigated by means of 
filterstnps soaked with known fractions of toxic filtrates 

The rule of oveilap 

Some toxins have visible indicator effects which can be demonstrated m plates, 
e g various haemolysins, lipase, lecitlunase and other turbidities As the pro- 
portions for neutralization of a toxin and the optimal proportions foi flocculation 
show close agreement, the indicator effect would be expected to stop abruptly 
short of the flocculation fine On one side of the fine there is free toxin, capable 
of producmg the indicator effect, and on the other side theie is none In fact it 
has been found that the edge of a visible indicator effect and the flocculation fine 
comcide on the double-diffusion-grachent This may be used for the identification 
of the toxin responsible for a fine Fig 11a. shows tlnee strains of Cl welch u, 
Type A, agamst commercial gas gangiene antitoxin on Hayward’s (1943) medium, 
but •without the addition of human serum Fig 116 shows the same expemnent, 
but this time with human serum added Two fines associated with eacli stiain 
are visible on both of these plates, and they are probably due to the alpha and 
theta toxins The boundary of the Nagler effect coincides with the lines fuither 
from the filterstnp, showmg that these were the lines produced by the alpha 
toxin 

The method may find useful application when several haemohsms are pro- 
duced by an organism, all acting on the red cells of the same species Fig 1 2 
shows a sheep blood agar plate watli a strain of stajihylococcus At least thro 
diffeient staphylococcal haemolysins are known to act on sheep led cells The 
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strain shown produces a wide zone of haemolysis winch is completely inhibited, 
hut between it and the filtersti ip anothei hacmolysin show s u Inch is only pai tially 
lnlnbited As the seiuin used w r as known to have a high anti-alpha title, it maj 
be assumed that the line denial eating the wude-zoned haemolysis, which is furthei 
from the strip, is that of the alpha haemo^sm 

The specific nature of a tmbidity appealing on a plate mn\ also be readily 
investigated by the double diffusion giadicnt method Thus it was observed 
that some staphjdococci giowm aeiobicall^ on agai media containing lakcd horse 
led cells pioduce a maiked tmbidity mound them Fig 18 shows four strains 
tested against a staphylococcal antitoxin (The negative and positn c signs 
lefer to previous coagulase testing ) The first stiain, 10381, shows no tmbidity 
The coagulase negative stiain shows hcav> tmbidit\ around it but it is not 
inhibited by the antitoxin The coagulase positive strain shows no tmbidity, 
showung that the effect is independent of coagulase Strain “ 0, however, 
shows a tmbidity which is inhibited in the same wedge shape as were the Nagler 
effect and the alpha hacmolysin shown in the pievious pictmes Under the 
condition of the experiment at least two turbidity factors appeal therefore, one 
which is inhibited by the antitoxin and one which is not The former appears 
to be a hitherto undescubed mdicatoi effect of one of the diffusible antigenic 
products of staphylococci 

The Application of the Double-Diffusion -Gradient to Scrum Antigens 

Serum antigens generally yield broad zones with the tube method commonly 
employed, and also show r the anomaly of different optima with the constant 
antibody (alpha) and the constant antigen (beta) titrations As both these 
findings were considered to reflect the basic floceulative behaviom of such systems, 
it is of mterest that multiple tlnn hnes, similar to the toxm-antitoxin lines can 
be obtamed wath serum antigens using turn diffusion giadients set at right angles 
The multiplicity of antigenic factors in sera is a fact well known from plnsico- 
chemical studies, but serological discrimination is likely to go yet furthei Oudm 
(1947) incorporated rabbit serum prepared against horse serum in an agar base, 
and overlayered it with the antigen and various chemically sepaiated fractions 
of it Multiple planes of flocculation appealed, as m the case of Beclihold s 
experiments, and these were interpreted as representing serological fractions 
In this type of experiment the two diffusion gradients are set m opposition to 
each other, i e at 180°, and the dynamic conditions lesultmg are unsatisfactory 
As flocculation proceeds the ratio of antigen to antibody on eithei side of the 
plane of flocculation becomes altered Finally a gross excess of one of the 
reagents will cause the floccules to dissolve, and the plane of flocculation will 
appear to move on The planes thus pioduced are fuzzy and difficult to observe 
for prolonged periods When the two diffusion gradients are set at 90°, howevei, 
the planes of flocculation are well defined and stationary as the dynannes of 
the system produce a continuous and progressive reaction 

The difficulty m settmg up a right-angled double diffusion gradient, smnlai 
to the one used in toxin experiments, is m bringing enough antibody into the 
system "When a serum is used for immunizing, vastly different titres of antibody 
may appear against the different antigens contamed m it The titre usually 
determined refers merely to the major antigenic component An antiseium with 
an apparently high titre therefore may be deficient in antibodies against the other 
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antigens, and to reveal their presence an increased concentration is required 
Various means can be used to increase the amount of antibody m the gradient 
One method is shown m Fig 14, and may be described as a “ feeder plate ” It 
shows the behaviour of human serum against a rabbit anti-human serum The plate 
was poured with 2 pei cent agar with 0 5 per cent salt (not nutrient agar, to reduce 
contamination), and a wide piece of filter -paper was embedded vertically and held 
m position until the agar set A microscope shde cut down m length was placed 
adjacent to it and the strip bent over it Several drops of anti -human precipi- 
tating serum were placed on the strip, the glass shde underneath preventmg the 
antibody from leaking on to the plate Finally a nanow strip of filter-paper 
soaked m human serum was placed at right angles to the first strip on the surface 
of the agar The plate was mcubated for three days, further drops of antibody 
being placed daily on the free edge of the strip This arrangement produces 
a good antibody gradient with a weak serum The wide strip is acting as a wick, 
and the total amount, rather than the concentration, of antibody entering the 
gradient is increased The diagram shows the development of two heavy, 
two fine, and one very fine line, suggesting that there are at least five different 
systems The individual existence of these cannot be demonstrated by the tube 
method 

Another technique is to increase the antibody concentration in the strip by 
drying -in successive amounts Fig 15 shows the apphcation of this method 
Three filterstnps were repeatedly soaked with the antibody and dried in vacuo 
In this way an mcreased volume of antiserum was incorporated m the strips 
and the initial concentration raised The three strips superimposed were sunk 
into a salt-agar matrix This arrangement obviates the objection of intermittent 
feeding with antibody and the possibility of producing waves Human serum 
was separated into two fractions using Pillemer and Hutchinson’s (1945) methanol 
technique The vertical strip shown on the left of the picture was soaked m 
the “ albumen ” fraction, the middle m normal human 'serum, and the one on 
the right in the “globulin ” fraction The plate showed an almost identical 
pattern with normal serum and the globulin fraction, while the albumen fraction 
showed only a fine haze This particular anti-human serum appears to be 
predominantly anti-globulin 

Methods utilizing the right-angled double diffusion gradient principle offer 
possibilities for the investigation not only of antigen mixtures, but also of different 
antibodies Nor is the method limited to toxin or serum-antiserum systems 
Recently it was found possible to demonstrate the presence of at least two 
impurities in a highly refined preparation of diphtheria toxoid and tlus finding 
was m good arrangement with the electrophoretic pattern, which also shoved 
two added substances 


DISCUSSION AND SUU3IAKV 

In the foregomg an approach to the characterization of macromolecules 
capable of acting as antigens or haptens has been described It is based on the 
combmation of diffusion and specific serological flocculation The principle i* 
to place two diffusion gradients at right angles to each other It is claimed that 
under these conditions flocculation will occur at optimum proportion* undu 
dynamic conditions, and the reaction will tend to move toward* completion 
These conditions will be free from some of the limitation* and di*ad\unt igt- <» 
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the tube method commonly used in sciology Fin Ihcnnore the arrangement 
described reveals the natuic of complex flocculating systems by spatial separation 
of the individual antigen-antibody icacfions, and thus yields a new method foi 
the investigation of homogeneity 

The examples lllustiating the use of the dotiblc-difiusion-gradicnt were diawn 
chiefly fioin the field of bactenal toxins, whcic its usefulness is most nnmediatch 
obvious With suitable adaptations, involving the design of the matrix foi high 
toxin yields, the method may be used foi the detection of toxin-producing bacterial 
strams in loutme work It is also capable of extension to the anah sis of multiple 
toxins, and the toxm-pattein of stiams can be investigated b\ this rclativeh 
simple method 

The double-diffusion-gi adient is essentially a qualitative approach effecting 
oiify a sepai ation of the individual systems The agai technique described m 
Petri dishes is, however, only an application of the punciplc, in the same wa) 
as filtei -paper chromatogiaphy is an application of chromatograph y itself The 
diffeient planes of flocculation should be capable of production on a largei scale 
than possible m the shallow' layci of a Petn dish These planes of piecipilation 
could be physically sepai ated and fuithci analysed, as they aic likely to represent 
a piuer combination than the floceules obtained b^ the tube method 

I wish to thank Piofessor T Craw fold foi his -valuable assistance in the 
preparation of this papei, and Mr T Shaw for technical help 
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Many theories have been advanced to explain the increase in resistance of 
bacteria which frequently follows their exposure to an antibiotic The view that 
the action of the antibiotic is selective, killing all but resistant bacteria which 
have arisen by mutation from sensitive bacteria, is now widely accepted The 
critical experiments of Luna and Delbruck (1943), which showed that virus 
resistant bacteria arose by mutation from sensitive bacteria mdependently of the 
action of the virus, supports this view Studies of the type earned out by these 
authors give not only quantitative information about the mcidence of vanant 
bactenal strams, but also provide a means of studying the problem of mutation 
in living cells In view of this it seemed worth while to apply the methods of 
Luna and Delbruck to another stram of the bactenum they studied, Escherichia 
coll Consequently tests were earned out to determine — 

(1) Whether E coh highly resistant to streptomycin occurred m cultures which 
had not been exposed to streptomycm 

(2) Whether resistant colonies retamed their resistance on subculture and were 
all of the same type 

(3) The mutation rate from sensitivity to fall resistance 

Other aspects of this general problem are being investigated in this laboratory 
by Newcombe and Harwrrko 

MATERIALS AND METHODS 

Materials 

Escherichia coh stram B/r (Witkrn, 1946, 1947) was the organism studied, all 
test cultures being moculated from a smgle bactenal suspension 

Two media, Difco nutnent broth with sodium cldonde added to a concen- 
tration of 5 per cent and a synthetic medium (Mg of Anderson, 1946) v ere med 
for test cultures 

Foi testing resistance, 10,000 pg of streptomycm sulphate (Lilly') were spread 
on 10 ml of agar in Petn dishes These were stored overnight at 7° C to permit 
diffusion The final concentration of streptomycin averaged 1000 pg j>er ml 

Expenmenial procedure 

The procedure uas a modification of that used b\ Luna and Delbruck Ludit 
oi ten cultuies, started from mocula so small (100 to 1000 bactena) that there v ^ 
little chance of a resistant bactenum being included, v ere incubated for 4S hour' 
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With all M 0 cultuies, an was bubbled thiougli the tubes dining the last 24 hours 
m ordei to mciense the population The incubation tcmpciaturc for plates and 
cultuies was in all cases 37° C 

The final numbers of bactcua weie estimated fiom plate counts In the case 
of the lesistant bactena a suspension of the centrifuged culture, complete except 
foi the small sample (0 1 ml ) taken foi the total assay was plated on strepto- 
mycin agai The lnigc numbei of bactena plated, foimcd a milk\ film which 
lemamed unchanged dunng 4S to 72 liouis' incubation except for the de\elopment 
of colomes on ceitain of the plates 

A repiesentatiye numbei of 1 lie suivivmg colonies were suspended in sterile 
saline and tested for lesistance m tlie following manlier Equal quantities of the 
suspension weie plated on plain and sticptomjcm agar, incubated and colom 
counts made The resistant colonies fell into two categories 

(1) Resistant independent (?), (colonies on both plates) 

(2) Resistant dependent (d) (colonies on stieptomvcm containing agar onl\) 

The tenns lesistant and dependent will be used for these 

Calculations 

All calculations are by the methods of Luna and Delhi uck (1043) These 
include a test of the hypothesis that resistant bacteria arise by mutation and the 
calculation of the mutation rate (a) the probability of occurrence of a mutation pci 
bacterium pe? bacterial gtnciation Two methods are available for the latter, 
one which uses the proportion of cultuies with no resistant bacteria (p 0 ) and one 
wdnch uses the average number of lesistant bacteria per culture (r) Values of 
the total population (N t ) and the numbei of test cultures (C) are also needed 
The three formulae are as follows, Foimulae 1 and 2 being in the form given by 
Newcombe (1948) 

( 1 ) a = — (log, 2) (log, p 0 )/N t 

(2) i = (aN t /log, 2) log, (CaN t /log, 2) 

(3) Variance, = C a 2 N t 2 


EXPERIMENTAL 

Sixty cultures tested in the above mannei aie desenbed m Table I Tw entv - 
foui of them contained bactena wdnch pioduced colonies on streptomycin 

Twenty of the resistant colomes weie then tested m the manner described 
Of these, fourteen weie resistant and five dependent (Table II) Resistant and 
dependent strains have now been observed m many noimally sensitive species 
(Miller and Bolinhoff, 1947 , Paine and Finland, 1947 , Yegian and Budd, 194S 
Spendlove, Cummings, Facklei and Michael, 194S , Hobby and Dougherty, 
1948 , Alexander and Leidy, 1947) 

A vanant fiom the parent strain wdnch arises spontaneously and passes on 
its new r characteristics to succeeding generations, is tenned a mutant Furthei- 
more, as has been pointed out by Luna and Delbruck (1943), vanants which aie 
mutants aie hkety to be distnbuted throughout a senes of small cultures with 
considerable culture to culture difference m frequency The present senes with 
one giving use to 815 lesistant colomes , thiee to more than 20 , the remaindei 
to less than 10, displays this characteristic Values of a function of this i anance 
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Table I — The Frequency of Occurrence of Resistant Bacteria m Cultures of 
Escherichia coh Strain Bjr ( Within , 1936) 


Experiment 

A. 

B 

C 

D 

E 

F 

G 

Number of cultures 

10 

10 

8 

8 

8 

8 

8 

Culture medium 

Broth Broth jVL 

M. 

M, 

Mg 

Mg 

Volume of culture (ml ) 

10 

10 

10 

10 

10 

10 

10 

Average number of bactena 

in 







inoculum 

i 

8 

161 

210 

126 

86 

78 

Average end number of bactena 







per culture, x 10 s 

2 4 

1 9 

32 

22 

29 

20 

26 

Numbers of resistant bactena 

in 1 

0 

0 

0 

0 

0 

0 

individual cultures 

0 

2 

0 

4 

1 

0 

0 


0 

0 

0 

4 

1 

0 

0 


0 

0 

3 

3 

6 

0 

0 


1 

4 

0 

2 

2 

2 

0 


0 

0 

815 

0 

1 

0 

40 


0 

27 

9 

7 

0 

0 

2 


0 

0 

0 

S 

0 

29 

3 


0 

0 







0 

0 






Data concerning mutation to 

re- 







sistance 








Po 

800 

700 

625 

250 

375 

750 

625 

r 

2 

4 1 

103 

3 5 

1 4 

3 9 

5 6 

Rate (Formula 1) X 10 _u 

64 

13 0 

1 0 

4 4 

24 

1 0 

1 3 

Rate (Formula 2) X Kfr u 

6 8 

45 7 

42 2 

4 4 

1 S 

5 3 

5 3 

Stand dev ( exper 

2 00 

1 96 

2 61 

0 7S 

1 34 

2 44 

2 33 

r / calc 

2 58 

0 67 

0 37 

0 78 

1 06 

0 77 

0 70 

m the number of mutants per culture (the standard deviation 

divided by the mean) 


are given in Table I These may be compared with the value of the same function 
to be expected if the resistant cells arise by mutation (Formula 3) The present 
data confirm those of Luna and Delbruck (1943) m that the expenmental value 
is even greater than that predicted It is therefore suggested that the resistant 
colonies are descended from resistant cells winch have ansen by mutation m the 
test cultures Alexander and Leidy (1947) take a similar view of their strepto- 
mycin resistant strains of H influenzae T\pe b 

The estimated values of the mutation rate (Table I) range from 1 x IO n 
to 13 X 10 -u by Formula 1, with an average of 4 4 x 10~ n , and from 1 S / HH 1 
to 45 7 x 10- 11 by Formula 2 with an average of 16 x 10 n The \alur b\ 
Formula 1 is generally the lower A diffeience of similar magnitude and in th< 
same direction was also observed bv Luna and Delbruck (164 5) Dement ui< 
Fano (1945), and New combe (1948), and this has been shown In the latter to le 
due to a downward bias with Formula 1 It is therefore Iiheh that tin na ' fr 
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Table II 

— Assays 

of Stieptomycin Sin 

> i irois 

Colon\ 

tested 

l’lato ( omits 

Agar Agar and atrept 

Classification 
of t( sted 
( olony * 

1 

91 

121 

1 

2 

360 

320 

1 

3 

17 

20 

1 

4 

0 

12 

(1 

5 

2139 

2429 

1 

G 

169 

190 

1 

/ 

S3 

74 

1 

8 

2549 

3100 

1 

9 

1 345 

1 374 

1 

10 

15 

19 

1 

11 

0 

99 

d 

12 

0 

45 

d 

13 

157 

151 

i 

14 

0 

492 

d 

15 

142 

0 

s 

16 

0 

1S4 

d 

17 

35 

59 

i 

IS 

1S4 

142 

i 

19 

9 

13 

i 

20 

492 

263 

i 


r = resistant , cl = dependent , s = susceptible 


value by Formula 2 is nearer the tiutli But the lattei formula is sluctly applic- 
able only when giowth rates of paient and mutant strains aie the same, a con- 
dition winch is unfulfilled whenever dependent bacteria aie piesent for, according 
to Newcom.be and Hawirko (1949), such bactena undergo at the most only two 
divisions in streptomycin free biotli Consequently values by this foimula also 
suffer from a downward bias and it is likely that the mutation late is higher 
than 16 X 10 _u and that a lesistant bacterium will arise at the division of a 
sensitive one when the population approaches ten thousand million This is of 
the same order as the mutation late to stieptomycin lesistance m H influenzae 
Type b (4 x 10 _u ) (Alexander and Leidy, 1947), and lower than that to phage 
resistance in E coh (1 X 10 -8 or higher) (Demeiec and Fano, 1945) 

DISCUSSION 

The foregoing data are consistent with the view that lesistance to strepto- 
mycin m E coh strain B /r arises as the lesult of the mutation of sensitive bactena 
Consequently resistant bactena null appear with a charactenstic frequency (the 
mutation rate) in susceptible populations independently of the presence of strepto- 
mycin Once such a mutation has taken place, the bacterial population mil 
contain at least one bactenum capable of growth m the piesence of stieptomycin 
Addition of streptomycin will destioy the susceptible bactena, leaving the lesis- 
tant ones and this will not be remedied by further administiation of stieptomycin 
Withdrawal of streptomycin on the other hand may be destiuctive to the resistant 
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population if the bacteria are of the dependent type To destroy independent 
ones an antibiotic other than streptomycin must be sought 

Reports of research m which streptomycin has been given m combmation with 
another substance are of special interest m this connection Smith, McClosky, 
Jackson and Bauer (1947) report greater recovery from tuberculosis m guinea- 
pigs when treated with streptomycin and a sulphone compound than when treated 
by either substance alone Encouraging results were obtamed by Lincoln (1948) 
following treatment of patients suffering from tuberculous meningitis and mili ary 
tuberculosis with streptomycin and promizole A study of the effect of other 
antibiotics on the resistant strains should be of value m discovering additional 
combinations of therapeutic value 


SUMMARY 

(1) Escherichia coll strain B/r resistant to 1000 micrograms per ml of strepto- 
mycin can be isolated from populations of the order of 1 x 10 10 bacteria by plating 
m the presence of the drug 

(2) These are of two types, one of them requiring streptomycin for growth, the 
other not 

(3) The highly variable distribution of these resistant bacteria throughout 
the senes of cultures examined is consistent with the view that they anse b} 
mutation 

(4) The mutation rate for the change from susceptibility to resistance is of 
the order of 1 X 10~ 10 per bactenum per bactenal generation 

The author wishes to thank Dr Howard B Newcombe who suggested tlus 
problem and who, with Dr A J Cipnani, encouraged its pubhcation, and Miss 
R Hawirko who assisted with some of the experiments 
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The MOik of Dale and Laidlaw (1919) and Dragstedt and Gehauer-Fuelnegg 
(1932) showed lnstannne to he the aetiological agent responsible for anaphylactic 
shock, this substance being found m sufficient concentration in the blood to 
explain the majority of the observed signs High levels of blood histamine 
were also found m peptonic (Dragstedt and Mead, 1937) and tryptic (Arellano, 
Lawton and Dragstedt, 1940) shock 

It was recently shown by one of us (Cruz and Silva, 1949) that the classical 
symptoms of the anaphylactic reaction could be produced in guinea-pigs, rabbits, 
rats and dogs by the intravenous injection of the appropriate anti-platelet serum 
This phenomenon has been submitted to more detailed analysis, and tins paper 
presents the results of experiments designed to study the variations of the blood 
histamine concentration during anti-platelet shock m dogs 

MATERIAL AND METHODS 

Dogs, previously anaesthetized by thionembutal, were used for these experi- 
ments The carotid blood pressure was recorded by a mercury manometer and 
samples of blood for histamine estimation were taken either from the jugular 
vein or femoral artery three tunes m each experiment — befoie the injection of the 
anti-platelet serum, after the injection of the serum v hen the blood pressure 
fell, and 8 to 15 minutes after the blood pressure reached its lowest level It v as 
sometimes impossible to take this last sample owing to the low level of the blood 
pressure or the death of the animal The concentiation of histamine m the blood 
was determined by the method of Code (1937) The amount of anti-platelet 
serum mjected varied with its titre according to Tocantins’ method of dosage 
(1936) , the dose usually varymg between 2 and 4 c c per kg body-weight, 
corresponding to titres of serum 1 16 and 1 32 The lnstamme concentration 

was expressed m terms of lnstamme base 

RESULTS 

The blood concentrations found are shown m Table I 


* Aided by a grant from Dr Guilberme Guinle 
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Table I — The Histamine Content of the Blood of the Dogs before and after 



the Injection of Anti-platelet Serum 


Number 

Histamine before 

Histamine 2 mm after 

Histamine 8-15 mm after 

of dog 

injection of anti platelet 

injection of anti-platelet 

injection of anti platelet 


serum (pig per c c ) 

serum (pig per c c ) 

serum (pig per c c ) 

1 

0 133 

0 120 

— 

2 

0 150 

0 133 

0 086 

3 

0 160 

0 185 

0 172 

4 

0 030 

0 030 

0 036 

5 

0 207 

0 256 

— 

6 

0 240 

0 300 

— 

7 

0 073 

0 070 

— 

8 

0 150 

0 135 

0 042 


The figures m Table I show that there was no significant difference between 
the blood histamine level before and after the injection of anti-platelet sera 
In no experiment was a discharge of histamine observed such as is encountered 
m anaphylactic and peptonic shock The injection of the antisera even caused 
death m some of the animals without there being any significant variation m the 
blood histamine concentration These results show that anti-platelet shock m 
the dog is not due to the liberation of histamine 


CONCLUSIONS 

Tffe anaphylactoid shock produced in the dog by the injection of anti-platelet 
serum was not accompanied by any change m the concentration of histamine m 
the blood 
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SURVEY OF PAPERS 


Humphrey finds that the titre of antistreptolysin S m sera of man and other species is greatly 
reduced by treatment with ether or alcohol-ether although known antibodies are little affected 
Antistreptolysin S activity is a complex phenomenon mainly dependent on labile lipoprotein com- 
ponents associated with the albumen fraction (p 365) 

Aldridge, Barnes and Denz find that beryllium injected intravenously m rabbits, rats and 
mice as solutions of ionized salts m doses of 0 5 to 1 mg per kg causes death from acute liver necrosis 
Beryllium ions become rapidly attached to protein and are earned m this form to the liver after 
intravenous injection, but after subcutaneous injection most of the beryllium remains attached to 
tissue proteins producing local inflammatory changes (p 375) 

Ennob finds that injections of extracts of the anterior pituitary gland cause an increase m fat 
and an increase in oxygen consumption and acetoacetate production m the liver of the guinea pig 
The results are compared with those obtained in the fatty hver following treatment with carbon 
tetrachloride (p 389) 

Ennor and Singer find that the increase m hver fat following injection of anterior pituitary 
gland extract m guinea-pigs can be prevented by the administration of immune serum prepared 
by injecting rabbits with antenor pituitaiy extract (p 395) 

jMarston, using the Craig counter current partition method, has isolated three distmet anti- 
biotics, proactmomycms A, B and C, from the antibiotic proactinomycin (p 398) 

JIarston and Florey find that proactmomycms A and C have about the same antibacterial 
activity while proactinomycin B is about half as active as the other two In view of their Ion 
antibacterial power relative to toxicity it is unlikely that any of the three substances would be 
useful clinically (p 407) 

Burnet, Stone, Isaacs and Edney find that influenza A virus strains m the true 0 phase 
as isolated from human subjects cannot be induced by any manipulations in utro to agglutinate 
fowl erythrocytes The appearance of the D phase, which agglutinates fowl cells, during passage in 
the chick embryo is thus due to processes of mutation and selective survival (p 419) 

Arriagada, Savage, Abraham, Heatlea and Sharp describe the production m potato dextrose 
broth of an antibiotic from a strain of B lichemformis This organism was onginnllx called A 7 
and the antibiotic has been named ayfivm (p 425) 

Hills, Belton and Blatchlea have devised a synthetic medium for the production of tin anti 
biotic, ayfivm, by B hchenifornus On a similar medium a different antibiotic is produced with 
hchemformin-like characteristics (p 427) 

Sharp, Arriagada Xewton and Abraham describe t lie process of extraction of tin nntibiotu 
ax fivin, from culture fluids and its further purification Ax fix in is quite different from In Ik mformin 
but appears to be similar to bacitracin (p 444) 

Arriagada, Florex, Jennings and \Y allmark find that axtixm has jiowirful antibai t» n d 
projierties and low toxicitx to mice It can jirotect mice ngnm-A ixp nmnit i! inflation with Vr 
pyogenes nnd Slnjih aureus (p 458) 



Elkk shows that, when two strips of filter pnjitr arc soaked m solutions of antigen and antibody 
respectively and embedded at right angles to each other in a shallow ln\cr of agar, a lint of floecu 
lation appears with a single reacting sjstcm and multiple lints apjienr with n multiple system He 
discusses the uses of this technique (p 484) 

Soott finds that the mutation rate from susceptibilitc to resistance to streptomycin of a strain 
of Bacl coh is of the order of 1 X 10~ 10 ]icr bnctcrium j>er hattennl generation (j> r i01) 

Moussatciii a 2 sd Cnu7 find that the nnnplnlnetoid shock produced in the dog b\ the injection 
of anti platelet serum is not nccompnmcd In an\ ehangc m the concentration of histamine m the 
blood (p 506) 


AUTHORS’ ERRORS 

P 244, the tw o cun es a and n of Fig 2 hue e been roe ersi cl 
P 253, line 29 For Fig 2 rend Fig 1 
P 28G, line 10 For (Fig 1 and 2) rend (Fig 1) 

„ lino 30 For (Fig 3 to 8) read (Fig 2 to 8) 


(n) 
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The work to be described in this paper arose out of an attempt to develop 
an accurate viable count procedure for Pasteurella peshs It was desned to 
adopt the technique of Miles and Misra (1938), m which standard diops of a suit- 
ably diluted suspension are delivered on to the surface of agar plates, which are 
subsequently mcubated and counted A medium and growth conditions were 
required winch allowed every isolated organism on an agar surface to develop 
into a colony , for Past peshs these requirements are not satisfied by ordinary 
media 

Schutze and Hassanem (1934), m a study of the same pioblem, found that 
heavy mocula of Past pestis would grow on the surface of ordinary agai plates, 
but widely separated single cells would not grow Growth of single cells could 
be obtained by addmg to the agar either whole blood, pepsmized blood, oi 
extracts of various bactena Alternatively, isolated cells would develop on 
ordinary agar if the plates were mcubated anaerobically 

These findings were confirmed, and attempts were made to discovei the 
nature of the substance present m blood that is responsible for tins effect, and 
why it is only required under aerobic conditions It was also necessaiy to stud} 
the nutrition of Past peshs and its growth m chemically defined media While 
the results of this investigation are by no means complete, they have led to an 
accurate counting technique for Past pestis, and are also thought to be of sufh 
cient inteiest on their own account for publication at the present time 
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dl-leucine, dl-isoleucmc, dl-noileucme, dl-aspai tic acid, dl-l\sme, I-argimnc, 1- 
lnstidine, dl-piolme, 1-hydioxy-pioline, dl-plienylalnnmc, di-thieonme, all m/ 
1000, dl-senne, dl-tyiosme, dl-cystme, dl-mcthionine, all m/2000, dl-liypto- 
pliane, m/5000 (The above concentrations icfei to the final concentration of 
1-isomei in the medium) All dl-compounds ncic synthetic The medium also 
contained KH 2 P0 4 , m/30 , (NH,) 2 S0 4 , m/100 , MgSO„ m/5000 , CaOlo, m/ 100,000 , 
FeS0 4 , m/200,000, MnSO„ ZnSO„ CuSO„ all m/500,000 , glucose, m/100, and 
NaOH to adjust to pH 7 6 The medium u as made up and tubed at one and a half 
times stiength, being diluted by the inoculum, othci additions and nalei to make 
up volume Five ml quantities weie incubated in 50 ml Erlcnmc\ei flasks, in 
jam containing an / 5 pci cent CO«, oi H 2 /5 pei cent C0 2 for anaeiobic c\pei nnents 
This medium contains most nnnno-acids in inthei higliei concent) alions than 
are usual m synthetic media , tins nas found to give hc.iviei grow tli 

Viable counis — Seven diops (0 2 ml ) of suitably diluted bactenal suspensions 
were dehveied fiom calibiatcd chopping pipettes on to the smface of agai platen, 
and spread by rotation Plates vere incubated at 57°, citliei in a “humid' 
mcubatoi oi m sealed jars containing a pad of moistened cotton-vool 

Dilutions were made m 0 0 per cent Nad oi 1 pci cent phosphate buffer pH 
7 6 , bioth is not supenoi to these simple diluents 

Haemahn estimations were made by the pynchnc-haemochromogen method 
of Keilm and Hartree (1935) and Rmnngton (10-12) 

Strains — Five stiains of Past pcstis ueie available Tlnee of them (Ho 327, 
336 and 337) weie highly vnulent (Herbeit, 1047) , they had been piesQrved bv 
drymg soon after primary isolation from human plague cases m N Afi ica Sti ains 
“ Soemedang ” and “ Tjiwidej ” were the completely avnulent “live vaccine ’ 
strains of Otten (1936) Stocks uere preserved in the dried state In the gelatin- 
ascorbic acid technique of Stamp (1947) , cultuies m cm rent use neic giovn 
m peptic blood agar stabs and kept at 0°, subcultures being made monthlv foi 
not more than six months 


RESULTS. 

Necessity of a substance present m pejitonized blood foi aerobic giowth of isolated 
cells 

The basic phenomenon under investigation is illustiated m Table I and Fig 1 
Two senes of Evans’ peptone-agar plates, to one of v Inch pepsinizccl sheep s 
blood had been added, weie seeded with senal dilutions of an lS-hour broth 
culture of Past peshs, and meubated aerobically at 37° With high dilutions 
(less than 650 cells per plate) no colonies developed on the plain agai plates m 40 
hours, and less than 6 per cent of the expected numbei developed even aftei 5 
days’ incubation , on the plates with added peptic blood, howevei , all the colonies 
were fully developed m 40 hours (and wer e just visible m 24 horns) With veiy 
heavy mocula producing confluent giowth tlieie was no visible diffeience between 
the two senes The peptic blood, therefoie, is onty necessary foi the develop- 
ment of widely isolated single cells 

Table II shows that under anaerobic conditions peptic blood is not required, 
and the full number of colonies develops on plain agai Undci semi-anaerobic 
conditions, as in poured plates meubated in an, a propoition of the cells develops 
m plain agar, but not the full number Plates containing 25 ml of agar were used, 
and it could be seen that colonies only developed deep in the agai IJndei 
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Table I — Effect of Pepsmized Sheep’s Blood on Growth of Small Inocula 

on Agar Platts 


Dilution of broth 

Evans peptone 

Colomes visible m — 

Evans peptone plus 5% pep- 
smized sheep’s blood 

Colomes visible m — 

culture , I m — 

f 

40 hours 

^1 

5 days 

f 

40 hours 

5 

5 days 

10 

Confluent 

Confluent 

Confluent 

Confluent 

4 X 10 6 

0 

33 

ca 600 

Semi-confluent 

8 X 10 s 

0 

10 

324 

324 

16 X 10 5 

0 

7 

148 

148 

32 X 10 B 

0 

3 

70 

70 

64 X 10 s 

0 

3 

35 

35 


Evans peptone agar plates, with or without pepsmized sheep’s blood, seeded with 7 standard 
drops (0 2 ml ) of the indicated dilution of an 18-hour broth culture of strain “ Tjiwidoj,” and 
incubated aerobically at 37° 


Table II — Effect of Pepsmized Blood in Suiface and Poured Plates under Aeiobic 

and Anaerobic Conditions 

Colonies visible in 40 hours 


, , I” Surface plates 

Aerobie|p oured * lates 

. , f Surface plates 

Anaerobic | poured ^ 

All plates seeded with 7 standard drops (0 2 ml J yjL tk OVliSpOLUSlVM 
incubated at 37°, either m air or m a McIntosh and Fildes anaerobic jar 


id 
' / o 


Evans peptone 

0 
34 
362 
352 

of a suspension of strain 


E\ nns peptone -f- 


pepsmized blood 

375 

343 

354 

369 

‘ Tjiwidcj and 


anaeiobic conditions the colonies are smallei, more flattened, and take longei to 
develop than those produced aerobically m the presence of peptic blood (Fig 1 ) 
but the same number of colomes develops m both cases 

In ordinary media therefore-, Past pestis behaves as if it aa eie an anaerobe 
while in the presence of pepsmized blood it grows aerobicallv oi anaerobicnlh 


Identification of the aotwe substance in pepsmized blood 

The nature of the substance in peptic blood responsible foi the above effect ^ 
was now investigated Fildes (1920 1921) who first u*ed peptic blood fo i the 
cultivation of Haemophilus influenzae, showed that its giou th-promoting efhet 
Avas due to two substances, (1) haematm, and (2) a heat-labile factor, liter namei 
“ V-factor ” and eventually identified as tnphosphopvndinc-nucleotide It "a-- 
found that autoclaving the peptic blood did not affect its grou th-promoting at ion 
for Past jiestis, which immediatelv suggested that the actne *ub t nice nnc it K 
haematm Small amounts of hnenun were then added to the bi^il atrir m<*< mm 
and Avere found to promote the aerobic groAvth of isolated cells in j i< ' 1 

same w r aA r as peptic blood (Tables III to 5 ) Commercial sample s <\ i u mm 
a lughlv purified specimen had quantitative^ identical tncit- ... 

These experiments alone do not proA'e that the effect <> t H tl 1 *' 
entirely attributable to the haematm it contain* To U't t u- pan ! 
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content of a sample of peptic blood was determined by the pyndme-hnemo- 
chromogen method, and a series of plates containing falling concentrations of 
peptic blood was compared with a second senes containing equivalent amounts 
of pure haernrn The results (Table III and Fig 1) show (hat the effect of peptic 
blood can be entirely accounted for by its haematin content In both senes 
100 per cent of colonies developed with 5 pg lincnun/ml , and ca l r > per cent 
developed with 1 pg /ml , with sub-optimal amounts of haemm or peptic blood 
the colonies sveie irregulai m sue as well as deficient in numbers (Fig 1) 

With large amounts of peptic blood (>2 pci cent) colonics arc \isiblc earlier, 
and aie definitely laigei aftei 40 houis than with equnalcnt amounts of pure 
haemm, though the same number of colonics develops This is probably due 
to the presence m peptic blood of other substances lm\ mg a generalized accelerat- 
ing effect on growth with lower concent lations of peptic blood the effect is 
hardly noticeable 


Tuile III — Comparison of Pcpsunzed Sheeps Blood and Equvalcnt Amounts of 

Haemm 


Additions to basal medium 


Colonics de\ eloping 
in 40 hours 

Haemm 10 pg /ml 



141 

5 ,, 



140 

, 2 „ 



55 

1 „ 



20 

, 0 5 ,, 



2 

1% pepsmized slreep blood (10 5 pg 

haemm /ml ) 

14G 

0 5% 

„ (5 25 pg 

„ ) 

134 

0 25% „ 

„ (2 01 pg 

) 

107 

0 1% 

„ (1 05 pg 

) 

17 

0 05% „ 

,, (0 525 pg 

„ ) 

1 

No additions 



0 

,, grown anaeiobically 


138 


Basal medium tryptic moat agar, containing the indicated addition of pure lmenim or pepsmi/ed 
sheep’s blood of known haomm content All plates seeded with 7 drops (0 2 ml) of the same 
suspension of strain “ Tjrwidej ” and incubated at 37° m air, or m anaerobie jars 


Table IV — Effect of KCN and Haemm under Aerobic and Anaerobic Conditions 

Numbor of colonies do\ doping m 40 hours 


Aerobic Anaerobic 


KCN cone 

No 

Haomm 

No 

Haemm 

(M) 

haomm 

10 pg /ml 

haomm * 

10 pg /ml 

0 

0 

370 

340 

150 

0 0002 

0 

180 

348 

356 

0-001 

0 

30 

402 

331 

0 004 

0 

0 

3S5 

305 

0 02 

0 

0 

325 

327 


The basal medium was tryptic moat ngai, contammg the indicated additions of lmemm oi KCN 
(neutrahzed) All plates seeded with 7 standard drops (0 2 ml ) of a suspension of strait. “ Tjiw ldej,” 
and counted after 40 hours’ incubation at 37° 
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Hncmin 5 /ip /ml 
\orobic 


Hnemin 1 /i g /ml 
Aerobic 




No Additions 
Anaerobic 


No Additions 
Aerobic 


Fig 1 — Effect of haemin and anaerobiosis, on growth of Pasteurella pestts on ag 
Basal medium tryptic meat agar, with indicated additions of laemrn - P ,, 
the same inoculum (ca 1 40 cells) of a 24 hour culture of s rain j 


incubated 40 hours at 37° C 
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Fig 1 — Effect of liaemin, and anaeiobiosis on growth of Panteurella pestix on agar plates 
Basal medium tryptic meat agar, with indicated additions of haemin All plates receu ed 
the same inoculum ( ca 140 cells) of a 24 hour culture of stram ‘ Tjiwidej, and were 
incubated 40 hours at 37° C ** 


Herbert 
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Table V — Effect of Various Substances on Aciobic Growth from Small h 


Additions to ba«nl medium 

Colonics developing in 



40 hour 

Exp 1 

Eyp 2 

E> 

Eit 

0 

0 


■)% pepsunzed sheep s blood 

242 

259 

] 

Haemin (10 gg /ml ) 

23S 

— 


Tlnolacetic acid (0 1%) 

220 

— 


Na,S0 3 (0 1%) 

— 

278 


Chaicoal (BDH “ blood chaicoal ”) 

— 

238 


Mawc staich (0 2%) 

0 

— 


Glucose (0 5%) 

— 

— 



Biuml medium tryptic meat ngnr Tlnolncotic acid nnd Nn,S0 3 sterilized by filtration, n 
subst nnees b\ nut ocliu mg All plates m each experiment seeded with 7 drops of the same suj 
nnd incubated nerobicnlh at 37° 


The “ haematm effect ” is independent of tlie basal medium used, id 
lesults being obtained with tiyptic meat digest agar, Evans’ peptone, and 
hydrolysate 

All of the five strains tested (3 highly virulent and 2 completely avi 
showed the “ haematm effect ” 


Absence of haematm m ordinal y bactci whgical media 

The above experiments show the effect of haematm to be maximal at 5 j 
and detectable at 1 gg /ml , since no growth at all occurred on the basal 
they presumably contain less than 1 gg haematm/ml In the case of 
digest agai this is unexpected, smee the meat from which it is made is 
haematm compounds Most of the haematm is removed during the prep: 
of the medium, with the coagulum formed when the digested meat is steal 
pH 6 , even so, it seems surprising that small traces do not remain 

The probable explanation was discovered when a batch of medium v 
countered on y\ Inch isolated colonies grew without added haemin It was 
that m its preparation the usual “ dephosphatmg ” procedure, warming 
S 6 to precipitate calcium phosphate, and filtration, had accidentally been on 
Another batch of medium was prepared, half of which was depbosphated 
the remainder u as not Agar plates made from the depbosphated brotl 
no aerobic growth of Past pestis unless haemin was added Plates made 
the broth that had not been depbosphated gave submaximal growth w 
addition of haemin, about 50 per cent of the expected number of colonies de - 
mg , this corresponds to the effect produced by adding about 2 gg haerm 
to haennn-free media 

A model experiment was earned out by adding haemin (10 gg /m j c 
water (containing ca 100 mg ealcium/htre) adjusted to pH S , en ai 
sr/100 phosphate of the same pH, and centrifuging Quantitative G3 
showed that all the haematm had been earned down on the ca cram p 
precipitate, no detectable amounts remaining m the superna an 

Pappenheimer and Shaskan (1944) removed traces of non from simp 
media by adding calcium salts and phosphate, all cornP +pnhj 

adsorbed on the calcium phosphate precipitate Evi en y e 
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will be useful when it is dcsucd to rcndci complex media completely free fiom 
liaematin 

Effect of otJm substances on aeiobic growth fiom small mocula 

These results suggest that (a) Past peshs can synthesize hacmntm with difb- 
culty or not at all, and ( b ) that liaematin might be the prosthetic group of some 
enzyme winch is necessaiy for aciobic giowth The effect of ICON, Minch inhibits 
iron-porphynn enzymes such as catalase, peioxidase and cytochrome oxidase, 
was therefore tested (Table IV) Anaeiobically, KCN in concentrations up to 
m/250 had no effect, and m/50 a scarcely significant effect, -whether liaenun is 
present 01 absent Aerobically, no colonics developed unless haennn -was present 
but if KCN was also present it abolished the effect of liaematin completely at m/250 
byr 90 per cent at m/1000 and by 50 per cent at m/5000 (The actual concentin- 
tions present aftei 40 hours weie piobably less than these, owing to the \olatiht\ 
ofHCN) 

These results agiee until the above hypothesis The position became moie 
complicated, hoivevei, when other substances were tested in place of haennn 
It was then found (Table V) that sodium sulphite, tlnolacetic acid and animal 
charcoal would piomote the aeiobic growth of isolated colonies in exactly the 
same way as peptic blood and liaenun , starch and glucose, however, had no 
effect Chaicoal and staicli vreic tested because of then stimulating action on 
the growth of gonococci and meningococci (Glass and Kennett, 1939 , Mucllet 
and Hinton, 1941) 

It should be pomted out that liaenun is effective m concentrations at lenM 
100 tunes lowei than the other active substances tested 

Experiments on chemically defined media 

The above results are open to vanous intei pi etations, and it was thought 
that a clearer insight into the factors concerned would be gamed by studying 
the nutrition of Past pestis, and conducting experiments m a chemically defined 
medium Three workers (Rao, 1939 , Beikman, 1942 , Doudoroff, 1943) hn-\e 
already studied tins problem, but then lesults aie so conflicting that it w un- 
necessary to approach the matter afiesh 

It was found that none of the five strains available would glow on the simple 
media containing only two or three ammo-acids described bv Rao (1939) oi 
Doudoroff (1943) The next medium tested w r as similai to that of Beikman 
(1942), containing 20 ammo-acids, ammonia, salts and glucose With this 
medium, results were irregular Usually no growth occuricd, but occasionally 
some flasks grew up after 3-5 days’ incubation This effect was enatic, e g in 
duplicate flasks sometimes one would giow wdien the other did not, and usually 
growth only occurred when a heavy inoculum w r as used, eg 10° cells/ml It w as 
concluded either that only a very small propoition of cells m any cultuie was 
capable of growth m this medium, oi else that actual mutation oi “ training 
was sometimes occurring 

Table VI show's the effect of adding haennn, and mixtuies of 17 otliei giow'th 
factors, to the amino-acid medium No growth occuired with the ammo-acids 
alone, or with the 17 other growth factors, while good giowth occuned with 
haennn 5gg /ml of haenun gave a maximum effect and lgg /ml a detectable 



NUTRITION OF r AST EU BELLA PESTIS 


515 


Table VI — Growth in Ammo-acid Medium , Effect of Hacmm and Othei Growth 

Factors 



Giowth after incubation at 37° ior — 

Addition** lo ammo acid medium 

"24 

40 

48 

3 " 


hours 

hours 

hours 

days 

Nil 

0 

0 

0 

0 

Haemin 1 gg /ml 

0 

Trace 

± 

+ + 

, 2 

0 

+ 

+ ± 

+ + 

,, 5 , 

0 

+ + 

+ + T 


„ io 

0 

+ + 

H — 1 — {- 

+ +± 

Giou tli factois I 

0 

0 

0 

0 

> n I + II 

0 

0 

0 

i 

, I -f- hnemm (iO gg /ml ) 

0 

+ + + 

+ + + 


„ , I + II + haemin (10 gg /ml ) 

Tiace 

+ + + 

-F + + 

+ +i 


Ten ml complete nrrnno ncicl motlium with m/100 glucose salts and the indicated additions, 
inoculated with 12/50 \inblo cclls/inl Strain 337 Growth Factors Group I Nicotinamide, 
o X 10** m pyridoxin, pantothemo acid, nboflavmo, 2 X 10'° m , p ammobenzoic acid, thiamine, 
10-° M , biotm IO* 3 g /ml Group II Glutamine, 2 y 10* 1 m , choline, uracil, adenine, guanine, 
thj mine, xanthine, inositol, 5 X 10" 5 M , oleic acid, 2 x 10- G M , pimohe acid, 5 x 10 _ ° M 


effect — exactly the same concentrations as those found effective by the agar 
plate technique (Table III) When the 17 giowth factors were added m addition 
to haemin, giowth n as slightly, but consistently, faster than with haermn alone 
Further experiments showed that no single growth factor alone had any noticeable 
effect, while vanous mixtures of them had shght acceleratmg effects which 
appeared to be additive 

The conclusion was that Past pestis is capable of synthesizing all these growth 
factors, but will glow lather faster if they are supphed m the medium The 
effect of liaemin was of quite a different order, since without it growth was always 
greatly dekyed, and usually did not occur at all, particularly if small mocula 
were used The ammo-acid medium with haemin consistently supported growth 
with mocula as small as 10 cells /ml Strain 337 was still highly virident for mice 
aftei 13 sub-cultures in this medium 

All of the five strains tested grew on this medium The ammo-acid require- 
ments of one of them, virulent Strain 337, were studied m some detail The 
effect was first tested of omitting each of the ammo-acids singly from the complete 
amino-acids-haemm medium The results showed that the amino-acids fall into 
four groups 

(1) Omission from the medium has no effect — glycine, alanine, aor leucine, 
aspartic and gluta mi c acids, lysine, prolrne, hydroxj'prolone, tyrosine and trypto- 
phane 

(2) Omission causes shght del-ay m growth — serine methionine, arginine 

(3) Omission causes marked delay m growth — threonine, histidine 

(4) Omission causes complete absence of growth valine, leucine, iso eucine. 


cystme and phenylalanine , ,, , c 

From this experiment, which was repeated with identical results, most of the 

ammo-acids appeared to be dispensable and only those of Group e 

tial ” However, a mixture of the five “ essential ’’ amino-acids with > 

glucose and haemin did not support growth, even when threonine, histidine and 
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Table VII — Growth on Mn litres of Ammo -a cut 1 ; 



Grout); 

i nftor meiibntion at 17° for — 

Ammo acid mixture 

i 

10 

2t 

40 

48 

(1) Valine, leucine, isoleucine, cystine, phenyl- 

hours 

hours 

hourH 

hours 

alanine 

0 

0 

0 

0 

(2) As 1 -f- threonine and histidine 

0 

0 

0 

0 

(3) As 2 + pioline 

0 

0 

0 

f* 

(4) As 3 4- glvcme, alanine and glutamic acid 

0 

Trace 

1 

+-k 

(5) As 4 + serine and methionine 

0 

± 

_1_ J- 
1 1 

-t +-k 

(6) Complete ammo-acid medium 

Tiacc 

+ + 

A-j-JL 

-L_l_ _L 

1 1 ( 


Amino acids m snmo concent rat ions ns pr<'\ ions experuin nts MI mixtures fontnmod m/ 100 
glucoso, salts and linemin (0 pg /ini ) Inoculum 10 11 iclls/inl Strain 117 


prolme weie also added (Table VII) Furlhei addition of ghcine, alanine and 
glutamic acid gave modeiate growth, and with these plus serine and methionine 
the growth was fairly good, though still slower than on the complete ammo-acid 
medium This may not be the simplest possible mixture adequate foi growth, 
but it is evident that the minimum number of amino-acids required is not small 
The other four stiams w'ere not investigated m detail All required some 
ammo-acids, since they w'ould not grow on an ammonia-salts-glucose medium, 
even wdien haematm and 17 othei growth factors were added None leqmrcd 
tryptophane, smee giow'th occuned on an acid-hydrolysed casein medium (with 
glucose and haemin) known by microbiological tests to be tryptophane-free 
These results show that for growth under the conditions employed, which 
are fairly aerobic, thm layeis of liquid m Eilenmeycr flasks, Past pest is requires a 
number of ammo-acids and haemin Table VIII shows the effects of haemin 
under aerobic and strictly anaeiobic conditions It will be seen that anae- 
robically, growth is equally rapid whether haemin is presen tor absent, while acio- 
bically no growth occurs without haemin Haemin can be replaced, houcvei, 
by the reducing agent thiolacetic acid, m whose presence aeiobic growth occurs 
without haermn as it does anaerobically 

Comparison of these lesults with those of Tables III to V shows that the effects 
of haemin, reducing agents and anaerobiosis are essentially the same in a chemically 
defined hqmd medium as they are on nutrient agar plates 


Table VIII — Effect of Haermn, Thiolacetic acid, and Anaaobiosis, on Grouth m 

Amino-acid Medium 


Additions to ammo 
acid medium 

Nil 

Thiolacetic acid (m/100) 
Haemin (5 fig /ml ) 


Aerobic 

24 48 3 

hours hours days 

0 0 0 

0 ~k~k~k 

Trace + + + + + + 


Anaerobic 

- A -■ 

24 4S 3 

hours hours dnj s 

0 + ~ki -k + i 

0 + + ± 4* + dk 

0 ++i ++± 


Ten ml complete ammo acid medium with si/100 glucoso, salts, and indicated additions inoculated 
with 2000 cells/ml “ Aerobic ” in air/5 per cont CO. , “ Anaerobic ” in hydrogen /5 por cent CO. 
in McIntosh and Elides anaorobio jar Strain 337 
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Catalase 

Bactcual catalase, like that of higher animals, is a haematm-protem (Herbert 
and Pinsent, 194S) Bactena unable to synthesize kaematm are therefore unable 
to synthesize catalase unless haematm is supphed m the growth medium 

All strains of Past ])estis tested produced an active catalase when grown in 
the ammo-acids-glucose medium under the following conditions 

(a) Aerobic or anaerobic growth m the presence of haeifnn 

( b ) Anaerobic grou tli m the absence of liaerum 

(c) Aeiobic giowth without liaeimn m the presence of reducing agents, such 
as thiol acetic acid 

(d) On the rare occasions when growth was observed, usually from large 
mocula, m the absence of either haennn or a reducing agent 

In short, v henevei the organisms grew at all, they produced catalase, whether 
liaemin w as supphed m the growth medium or not The same was true of growth 
on agar media 

Ability to synthesize catalase m the absence of added haematm shows that 
the organisms can themselves synthesize haematm The bearing of this on the 
' haematm effect ” is discussed below 


DISCUSSION 

The nutrition of Past pest is has been studied by thiee previous workers, with 
rather discrepant results Berkman (1942) found that four out of five old labo- 
ratory cultures grew m a medium containing 15 ammo-acids and glucose, without 
added growth factors Rao (1939) claimed that a medium consisting only of 
the three substances cystme, phenjdalamne and prolrne was sufficient to support 
growth Doudoroff (1943) found that five strains would grow m an ammoma- 
salts-glucose medium with cystme and phenyl-alanine added None of these 
authors found haennn to be essential for growth, though Rao reported that it 
had an accelerating effect 

None of the strains tested m this work would grow m media as simple as those 
of Rao oi Doudoroff Anaerobically they would all grow in a mixture of 20 
annno-acids and glucose, but for aerobic growth haemm was also required, at 
least when small mocula were used This medium supported growth from mocula 
as small as 10 cells per ml For one virulent stram whose requirements were 
investigated m detail, at least five ammo acids were needed 

Some of these discrepancies may be due to steam differences, but they are 
probably mainly due to differences m size of mocula Rao used very heavy 
mocula, 0 2 ml per 10 ml tube of a suspension of opacity 1 on Brown’s Scale 
and stated that mocula of 7000 viable cells per tube would not grow Doudoroff 
stated, “ Initially large mocula had to be used, and visible turbidity was slow to 
appear, evidence pointing to a selection, of the cells most capable of reproducing 
m this environment ” The larger the inoculum, the greater the chance of includ- 
ing rare “ mutants ” with mini mal growth requirement, and m liqmd me um 
the development of only one cell out of the whole inoculum will e reeor ec as 
positive growth Dr G M Hills informs me that he has found some strains o 
Past peshs to be nutritionally more exacting when grown a i lfm f “ 
this may partly account for the varied findings of differen v or -er» 
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amino-acid leqiurements are concerned Howe\cr, I have ohseived the “hnema- 
tm effect’ on solid media to occur equally at '17° and at 30 b 

It seems probable that this is the reason why, in m\ experiments, growth 
was occasionally observed from laigo mocula in liquid synthetic media without 
liaemm, wlnle previous woikers, using even laiger mocula, liaAe missed the 
“ haematm eifect ’ altogetliei 

From this point of view the use of solid media is moie satisfactory , and allows 
the “ haematm effect ” to be paiticulaily cleailv demonstrated, since the actual 
number of oigamsms m the inoculum which develop may be counted The ideal 
technique, no doubt, would be the use of chemicalh defined solid media , how c\ er 
lesults so fai obtained show fauly cleailv that the effect of haematm is cssentialh 
the same m liquid synthetic media and complex solid media 

A complete explanation of the “ haematm effect is not \et possible One 
hypothesis considered was that lndiogen peroxide produced by the bacteria 
undei aeiobicbut not anaerobic conditions, was inhibiting aciobic glow th The 
possibility 7 of hydrogen peroxide ongmatmg fiom the grow th medium might apply 
to tiy 7 ptic digest agai, but piesumably not to ammo-acid media The effect of 
haematm might then be ascubed to its utilization In the organism foi the s\n- 
thesis of catalase , since HON is a stiong inhibitor of catalase, this could account 
for its leversal of the effect of haematm Animal charcoal, which can be sub- 
stituted foi haematm, catalyticallv decomposes hydrogen peroxide The effect 
of leducmg substances such as sulphite or tlnolacetate could be ascribed either 
to direct chemical reaction until hydrogen peioxide, or to then reaction with 
oxygen m the medium pioducmg effectively nnaeiobic conditions, so that In drogen 
peroxide is not formed 

This explanation seems to be controveited by the fact that Past pest is can 
synthesize catalase m the absence of added haematm This objection ma\ be 
only apparent Measurements of the catalase content of bacteria at diffeient 
stages of the growth cycle (Pmsent, 191b) show that it is low in the early' stages 
of growth and often does not reach its maximum until aftei grow th has ceased 
In the development of isolated single bacteim it is piobnbh the first few ccll- 
divisions that are ciucial, and it may 7 well be that at this stage the cell has 
insufficient catalase for its requnements under aeiobic conditions 

A sunplei, if vaguer, hypothesis is that giow'th depends on the oxidation- 
reduction potential of the medium, and can only 7 take place if the E h is below a 
certain level This could explain most of the obseived phenomena, but it is 
difficult m this way to account for the effect of added haematm foi it. seems 
unlikely 7 that, m a complex medium, haematm eoncent.iations of a few |xg /ml 
could directly affect the E h 

However, until more facts are known, it wall lemam easiei to devise alternative 
hypotheses than to confirm 01 disprove them 

SUMM VRY 

Heavy mocula of Pasteurella pestis grow 7 aeiobically 7 on the suiface of oidinaiy' 
agar media, but uudely 7 separated single cells wall not glow 7 Isolated cells will 
grow, however, if whole blood 01 a peptic digest of blood are added to the agar 
The factor m peptonized blood responsible for this effect w 7 as identified as 
haematm , the effect can be dupheated by the addition to plain agai of pure 
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icci} stallized hacimn, u Inch has a maximum effect at a concentration of 5 tig /ml 
and a detectable effect at 1 jig /ml The effect of haennn is abohshed by the 
simultaneous addition of m/1000 KCN 

Tins action of haennn is not a simple growth-factor effect, for under anaerobic 
conditions isolated cells will glow on plain agar without haennn, and growth is 
not inhibited by KCN Also, isolated cells will grow aerobically m the absence 
ef haennn if blood chaicoal 01 reducing substances such as sodium sulphite or 
tlnolacctatc are added to the agai, though much lngher concentrations of these 
aie needed than of haennn 

The nutritional lequnements of Past pestis have been studied m chemically 
defined media This oiganism lequires none of the ordinary growth-factors, and 
glows anaeiobically m a medium containing only synthetic ammo-acids, salts 
and glucose A prelmunaiy study of the ammo-acid requirements has been made 

Foi aerobic giowth fiom small mocula m ammo-acid media, haennn or a 
leduemg agent such as tlnolacetate must be added, confirming the results obtamed 
with complex agai media 

As a prehmuiai y hypothesis it is suggested that hydrogen peroxide is produced 
undei aerobic conditions, and inhibits giowth Aerobic growth is made possible 
by adding reduemg substances, which may act either by direct chemical reaction 
with hydrogen pei oxide, or by rendering growth-conditions effectively anaerobic 
so that no peroxide is produced Added haennn is assumed to actf by piomotmg 
the synthesis of bacterial catalase 

Tins v 01 k was earned out dining 1944 at the Microbiological Research Depart- 
ment, Experimental Station, Porton, where the author was seconded by the 
Medical Reseal ch Council Thanks are due to the Chief Scientist, Ministry of 
Supply, and to the Medical Research Council, for permission to publish The 
author also -wishes to express his thanks to Sir Paul Fildes, Dr D W Henderson 
and Dr G M Hills for many helpful discussions 
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The detection and measurement of antibody to heipes simplex virus m the 
serum of expernnental annuals or man has generally been made b\ neutralisation 
tests In these tests mixtuies of seuim and active virus hare been injected into 
rabbits by the mtiaceiebral route (Zmssei and Tang, 1029) oi inlradcimallj 
(Andrewes and Caumchael, 1930) or mtracci dually into mice (We\er 1032, 
Hudson, Cook and Adair, 193G) In 1039 Burnet and Lush cai i icd out neutraliza- 
tion tests on the ckorio-allantois of developing chick embijos These methods 
give satisfactory results, but are expensive m both time and matcnal Bcdson 
and Bland (1929) showed that herpetic antibody could be detected m the serum 
of immunized guinea-pigs by the complement-fixation test, using extiacts of 
herpes-infected guinea-pig pads as antigen , by this technique antibody in human 
sera was demonstrated by Brain (1932), who found that appioxnnatcly 45 pel 
cent of sera from unselected hospital patients gave a positive reaction Other 
workers have apparently not been able to obtain consistently sntisfactoiy results 
by tins in viti o method (Myers and Chapman, 1937), and m two recent American 
works on virus diseases only the neutralization test is lecommended for the 
detection of antibody to herpes simplex virus in human sera (Scott, 194S , Scott, 
Cornell and Blank, 1949) 

In the course of the present work the results of Bedson and Bland (1929) 
were readily confirmed m that antibody to herpes simplex virus m the scrum of 
immunized annuals could readily be measured by then complement-fixation 
technique As we had available several stiains of herpes vnus which had been 
adapted to the chono- allantois, the tissues and fluids fiom infected cluck embryos 
have been examined for then suitability as antigens m the complement-fixation 
test As shown by Anderson (1940), egg adapted strains of heipes vnus pioduce 
generalized infection of chick embryos , after inoculation of such stiains into the 
yolk sac or ammotic cavity, virus is piesent in high concentiation in the ammotic 
fluid several days later (Rag lei, 1946 , Beveridge and Brunet, 1946) Extiacts 
of herpes-infected chono-allantoic membranes, ammotic and allantoic fluids have 
been successfully used m the piesent woik as antigens m complement-fixation 
tests 


MATERIAL AND METHODS 

Virus strains 

Four strains of herpes virus have been studied Stiain “ N ” w as isolated 
directly in cluck embryos by the nioculation of the chono-allantois with vesicle 
fluid from a case of a generalized infection with heipes simplex wins (Kipping 
and Downie, 1948) The other three strains, “ H,” “ McC ” and “ P,” have been 

* John W Garrett International Fellowship m Bacteriology 
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isolated within the last 12 months from members of the staff who suffer from 
recurrent attacks of labial heipes In each case the virus was isolated without 
difficulty bv the inoculation of the chono-allantois of developing eggs with diluted 
vesicle fluid 

Prcparahon of the antigens 

In the inoculation of cluck embryos by various routes the techniques described 
by Beveridge and Buinet (1946) have been followed 

Chorio-allantoiG membrane exh acts 

Twelve-day-old embryos were inoculated on the chono-allantois and the 
membranes were lemoved after two days’ further mcubation They were ground 
up m a tube with powdeied glass by means of a glass rod and then extracted 
with saline containing 20 per cent nutrient broth, approximately 0 5 ml being 
added foi each membrane Aftei being kept, with occasional shaking, for 
2 hours at room temperature, the suspension was centrifuged at low speed until 
the supernatant fluid was clear (5-10 mm ) The supernatant was removed and 
used as the antigen 

Exlra-embi yomc fluids 

Allantoic and ammotic fluids were harvested within 24 hours after the death 
of the embryo following either yolk sac, ammotic or allantoic inoculation with a 
suspension m broth of herpes-mfected chono-allantoic membrane 

Antiseia 

Imm une human serum against three strains, “ H,” “ McC ” and “ P,” were 
obtained from the individuals who furnished the virus strains Immune sera 
were prepared against each strain by immunization of guinea-pigs To avoid 
the formation of antibody to cluck protein herpes-infected guinea-pig pads were 
used as the source of inoculum m each case The infected pads were ground 
finely and approximately 5 ml of sterile nutrient broth were added The sus- 
pensions were treated with sufficient penic illin , and m the oase of strain “ H ” 
with streptomycm as well, so that subsequent cultures on agar and in broth 
showed no bacterial growth Each preparation contamed sufficient virus to 
produce a confluent growth of typical herpetic lesions on the chono-allantois 
The strain “ 1ST ” had undergone 30 previous egg-to-egg passages on the chono- 
allantois, strains “ H,” “ McC ” and “ P ” had undergone 15, 7 and 4 respectively 
Guinea-pigs “ H,” “ P ” and “ N ” each received their first two inoculations 
intradermally mto the plantar skin of both hind pads at an interval of two days 
On the 4th day after the primary inoculation the soles of the hind feet were 
swollen and vesicles were developing along the needle tracks On the 8th day 
“ N ” had developed paralysis of both hind limbs, from which it never completely 
recovered The a nim als each received a subcutaneous inoculation of vuus on 
the 31st day, and two further mtrapentoneal inoculations on the 52nd and o9th 
days after the primary inoculation A week later guinea-pig ^ „ appeare ^ 

extremely excitable and was bled out from the heart Animals Jd an 
each received two further mtrapentoneal injections on the 66t an t r 
and were lied a week later Guinea-pig “ McC ” received its first inoculation 
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mtiadermally into the plantni slan of both hmcl pads at the same time as the 
othei a nim als As the feet showed signs of an enily “ take ” after two days, it 
was not given a fuithei inoculation at this time A w eck later thci e w as puraty sis 
of the bind limbs, but this had cleaied up w ltlun a foi tnight On the 37th day 
after the pranai y inoculation the animal was given a subcutaneous injection of 
virus Fourteen da a s latei the light hind leg w as badly inflamed and the animal 
was bled Immune rabbit serum had been prepared against strain “N” bv 
immunization wntli active vnus obtained from infected labbit testicle (Kipping 
and Do wane, 1948) Immediately befoie use all scia weie inactivated by heating 
at 56° C for half an hour 

Technique, of Complement fixation Tests 

The umt volume of leagents used was 0 2 ml Antigen dilution, complement 
and serum were mixed and kept m the lefrigerator at 4° overnight (IS liouis) 
Next morni n g the tubes were kept at loom tempeintme for 30 minutes before 
adding 0 4 nil of sensitized sheep led cell suspension (equal olumcs of 2 per 
cent led cell suspension and amboceptoi diluted to contain 1 M H D ) The 
tubes were kept m a w ater bath at 37° for 30 minutes and then at room temperature 
for 1-2 hours to allow r red cells to settle before the readings w ere made 

When extiacts of chono-allantoic membiane were used ns antigen I\I II D 
of complement was used m the tests, but with ammotic oi allantoic fluid antigens 
2 MHD w'as used All seium and antigen conti ol tubes icccived \ dose less 
complement than the tests propei Tests wnth evtra-embn omc fluids or chono- 
allantoic membrane extracts from normal umnoculated eggs weie set up with all 
experiments Serum from normal gumea-pigs oi labbits was snnilarh tested 
with immune sera fiom these species, and negative human seium from one of 
several non-herpetic subjects on the staff of the depai tnient w as used to control 
the tests with human sera 


RESULTS 

Complement fixation ivith Antigens Piepared fiom Infected Ch on o- Allantoic 
Membianes, Allantoic and Ammotic Fluids 

The first table shows the results wnth chono-allantoic antigen, falling dilutions 
of the antigen being tested with falling dilutions of immune human serum 

Table I — Titrations of Chono- Allantoic Memhanc Extract with Dibit ions 

of Immune Human Serum 


Antigen 


Dilutions of lmnmno scrum 

A 


Xrgnthe imronn scrum 

dilutions 

i /2 

1/4 

1/8 

1/1C ’ 

- — — - No scrum 

1/2 1/4 

1/4 

4-4- + + 

+ + + + 

+ + + + 

+ + + 


1/8 

+ + A 

+ + + 

+ + + ± 

+ + + 

— 

1/16 

+ + 

+ + 

+ + + 

+ + 

— 

1/32 

+ 

+ 

+ 

+ 

— — — 

1/64 

— 

— 

— 

— 

— — — 


= Complete fixation + + +"] Indicate decrees of 

= No fixation + + >• fixation loss than 

-f J comploto 


Similar results were obtained using immune rabbit serum except that the 
rabbit serum had a higher antibody content than the human seium, as shown by 
the higher dilution of serum which gave positive leactions 
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Table II shows the lesults when human seium diluted 1/8 was used to test 
falling dilutions of allantoic and amniotic fluids 


Table II 


-Tihation of Allantoic and Amniotic Fluids with Immune 
Human Seium diluted 1/8 

Immune human serum 1/8 scrum l/8 nan 


\ntigens 


Dilutions of antigens 


1/4 


1/S 


1/10 


1/32 


1/04 


1/128 


1/4 1/8 


Amniotic fluid + + + + + + + + + + + + + + + + + + 4- 

Allantoic fluid +4- + + + + + + 4- 4- 4- 4- 4- 4- ± — 

Normal fluid — — — — — 


No 

serum 

~T li 


Table III shows the lesults u r hen falhng dilutions of nninune gumea-pig sera 
* McC ” and ‘ N ” w r eie titrated agamst constant antigen — allantoic fluid diluted 
1/S 


Table III — Filiation of Immune Guinea-pig Seia with Constant, Antigen 

{Allantoic Fluid diluted 1 / 8) 

Infected allantoic fluid 1/8 


sera 


Dilutions of guinea pig sera 


Norman allantoic 

fluid No 

* > antigen 


1/8 


1/10 


1/32 


1/04 


1/128 


1/250 


1/8 1/10 


1/8 


“McC” + + + ++ + + -j- + + + + + + -fc - 

“N” -4 — 1 — } — L -I — 1 — 1 — L d — 1 — L H — 1 — l — H 4-4- 

Normal — — — — — 


The constant dilution of antiserum 01 antigen used for titration of antigen 
and antiserum respectively as shovm m Tables II and III were chosen, on the 
bases of pre limi nary tests of the kind shown in Table I, as those likely to give 
high titles 


The Natnie of the Antigen and its Stability to Heat and Storage 

The activity of the thiee antigens — allantoic fluid, amniotic fluid and chorio- 
allantoic membrane extract — appeals to be related not to the virus particle 
itself but to some “ soluble ” specific substance separable from the virus by 
centrifugation 

To ehcit this pomt the antigens were spun m an angle centrifuge at approxi- 
matety 8000 rpm for, one hour The upper half of the supernatant was carefully 
removed, the lower half was discarded, care being taken not to disturb the deposit 
The tube was well drained, and the deposit resuspended in saline containing 
20 per cent nutrient broth The centrifugation was repeated, the supernatant 
fluid removed as before, and the deposit again resuspended to its original volume 
The complement-fixing power of the original fluid, 1st supernatant, 2nd super- 
natant and resuspended deposit were tested agamst immune uman 01 

guinea-pig sera , , , , 

Tests of the mfectivity of the original fluid and 1st supernatant, detei'nimcd 

by titration on the chono -allantoic membranes of developing c uc v vL ’ 
showed that the 1st supernatant contained less than 2 per cen o 

™no» s ** 

immune human serum diluted 1 / 8 
35 
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All essentially snmlai lesult w as obtained when infected ammotic fluid and 
nn\tuies of ammotic and allantoic fluids were tested in the same way against a 
constant dilution of immune human seium 

Examination of an antigen piepaied from infected chono-aflantoic membrane 
gave the results shown m Table V The mfectmty of this antigen was not 
tested Howevei, titiation of another membrane extract similarly prepared 
showed that approximately 08 pei cent of the virus was deposited during the first 
centrifugation It will be seen that the resuspended washed deposit showed 
more fixation of complement than sunilar deposits from ammotic and allantoic 
fluid antigens This difference has been apparent m several experiments of this 
land, and suggests that soluble antigen is more difficult to remove from the tissue 
particles deposited with the vn us from extracts of infected chono-allantois 


Table V — Tihahon of Vanous Fractions of Chono- Allantoic Merabi ane 
Exhaci until Immune Human Seium (1/8) 


Antigens 


Immuno human scrum 1/8 

Xegative human 
serum 1/8 

No serum 




Dilutions of antigen 

A. 






1/2 

1/4 

1/8 

1/10 

1/32 1/2 

1/4 

1/8 

1/2 

1/4 

Original fluid 
First supor 

0 

+ + + + 

+ + + + 

+ + + 

+ + 0 

— 

— 

0 

— 

natant 

-f- + + + 

+ + + + 

-f + + 

+ + 

— — 

— 

0 

— 

0 

Second super 










natant 

— 

— 

— 

— 

— — 

— 

0 

— 

0 

Resuspended 










deposit 

+ + 4- 

+ + 

— 

— 

— — 


0 

— 

0 


0 = Not tested 


The effects of heating the “ soluble ” antigen at 56° for one horn and of boilmg 
for 5 mmutes are shown m Table VT The antigen used was the first supernatant 
from the high speed centrifugation of infected allantoic fluid It is apparent 
that the complement-fixing activity is greatly weakened by heating at 56° for 
1 hour, but is not completely destroyed even by boding for 5 mmutes 


Antigens 


Unheated 
Heated 66° 
1 hour 
Boiled 5 min 


Table VT — Effect of Heat on the “ Soluble ” Antigen 

Immune human scrum 1/8 


Dilutions of antigen 


1/2 1/4 1/8 1/16 1/32 1/04 

0 0 + + + + + + + + + + + + “ 


Xegative human 
serum 1/8 


1/2 

0 


1/8 


0 = Not tested. 


No scrum 
> . 


7/2 1/8*' 

0 - 


0 

0 


An infected allantoic fluid was tested after storage for three months in a 
refrigerator at approximately 4° Using the same immune human ^cn 
test before and after storage there appeared to have been little, if any. 
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complement-fbang title of the fluid (lining tins tunc The elTcct of treatment 
of the antigen with formalin has not been investigated, but it appears Hint 
infected cluck embryo fluids when stoied at low tcmpciatuic, maj be used for 
the titration of antibody in seia ovei a pcnod of scveial months 


A Seiological Comparison of Four Recently Isolated Strains of Hopes 
1’n us by Complement -Fuat ion Technique 

Theie is veiy little evidence m the literatuie of immunological ch\eiMt\ 
among stiains of lieipcs vnus Floiman and Tradci (1047) studied foui ’-tinins 
of diveise oiigm using immune sein picpaied m lnbbits t hc\ found that by 
neutialization tests m mice and on the chono-allantois, thice strains appeared 
to be linmunologicnlh identical, while the fonith w as onh paitialh neutrah/cd 
bt the sera piepaied against the othci thice strains Slnvm and ( fn\ cl t (10 1(>) 
sumlaih found that one of tliicc strains differed fiom the other two m neutiah/a- 
tion tests m mice using immune labbil seia 

Sera fiom the mdiMcluals who piovidcd three of the hot pcs strains available 
to us weie used m tests of amniotic fluid antigens fiom all foui strains The 
fluids weie used m a dilution of 1/4 in two instances and 1/S in the othci two 
the results aie shown m Table VII 

The thiee seia when tested against allantoic fluid antigens gave c^entiallt 
the same lesults as those shown in Table VII The iesults with the seia fiom 
immunized guinea-pigs aie shown in Table VIII 

Although tw'o of the guinea-pig seia weie ven weak in complement-fixing 
antibody it is cleai that these tests, like the tests with the human seia give no 
indication of stiam specificity among the foui viruses 

It is peihaps of intei est that the two weak guinea-pig antiseia weie obtained 


Table VII — Filiation of Immune Human Seia “ II, ’ “ McC and P 

\nrlci ns (diluted 


Scm 


11 

- - 




McC 













1/4 

1 + 

1/10 

1/32 

1 4 

1 + 

1 u> 

3 12 

“ H ’ 

+ + + + 

+ + + + 

+ + + + 

+ + 

+ + + + 

+ + + -*- - 

— 

— 

“ McC ” 

+ + + + 

+ + + + 

+ + 

— 

+ + + + 

+ + 4 + 

r: 

— 

“ p >> 

+ + + + 

+ + -*- + 

+ + 

+ 

+ + + + 

-b- 

— 

— 

Negative serum 

— 

— 

0 

0 

— 

~ 

0 

<3 


Table VIII — Titiation of Immune Guinea- puj Seia H McC, ’ 

\ntiuen' (diluted 


" II ’ (nllnntolc fluid 1/8) McC (nnmlottc fluid 1 s) 

8crn , * \ i 1 


1/4 1/8 1/10 1/32 1/04 1/bO 1/4 1/8 1/10 1/J2 1/04 1/80 1/4 

“H” + + + + ± - ---+++ + 

t P ” 

‘McC” 0 0 + + + + + + + + + + 4--}- — 0 0 + + + + + + + + + + + + 

‘ N” 0 0 + + + + + + + + + + + + + 0 0 + + + + + + + + + + + + -4- + ++ 0 

Negative — — 0 0 00— — 0 0 0 0 — 


oH- I 
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fiom animals that had icceived a full course of inoculations with living virus 
composing two mtiadeimal, one subcutaneous and four mtrapentoneal injections 
ovei a period of approximately ten weeks Neither of those two animals showed 
evidence of paialysis The two animals which gave good complement fixing 
antisera, on the other hand, had a smaller number of imm uniz ing injections, 
but both shou ed paralysis of the hind limbs following the pad inoculations 


The Complement fixation Test foi the Detection of Antibody m Human Sera 

Various Mothers have show n that neutralizing antibody for herpes virus is 
piesent in a laige proportion of adult seia, and that in general those showing such 
antibody have a history of recurrent herpetic infection Only Brain (1932) appears 
to have used the complement-fixation technique m such work He found that of 
52 unselected sera from London hospital patients 23 gave complement fixation 
ruth herpetic antigens We have tested 40 seia which had been sent to the 
Lneipool City Laboiatoiy for Wassermann test Of these seia only seven were 
negative in the complement-fixation test with a mixed allantoic and ammotie 
herpetic antigen These sera were tested in a dilution of 1 /4 and greater Of the 
33 m Inch gave a positive reaction all but one (which was positive 1/32) were 
positive in dilutions up to 1/64, the titres bemg 1/64 or 1/128 The results bore 
no l elation to the results of the W R The sera could hardly be regarded as 
representative specimens from the general population, but the percentage of 
positives (S2 5), although higher than that recorded by Brain, is not higher than 
the figure given by Bumet and Lush (1939) for neutralizing antibody in the 
sera of hospital patients m Melbourne The results m this senes also show the 
same all or nothing land of result m that sera were either completely negative oi 
had high complement fixing titres 


against Antigens ( Ammohc fluids) cc H,” “ P “ McC ” and “ N 

1/4 or 1/6) 


44 

V 


‘X 


Scmm dilutions 


- - 1 r 



1/4 1/8 

1/16 

1/32 1/4 

1/8 


+ + + + + + + + 

+ + + + 

++ ++++ 

++++ ++++ 

++++ -i — i — i — j- 

i 

— + 4- + + 

+ + + + 

± 

++++ + + 4-4- 

+ 

+ + + + 

+ + + + 

+ 

' — 

0 

o - 



” and “ N ” against Antigens “ H,” “ McC, 

” “ P ” and 

“ N ” 


Normal 


amniotlc fluid an u° en 


1/32 


1/4 1/S 1/4 


1 / 8 ) 


P ' (allantoic fluid 1/4) 


‘X * {amniotlc fluid 1/8) 


Nomnl lv ormol ^ 0 
allantoic amniotlc Dntf 
fluid. fluid p ,, n 


dilutions 


1/15 

+ 


1/32 


1/64 


1/32 

± 


1/64 


1/80 1/4 1/8 1/16 

± - - - + + 

+ + + + +++ + ± "o o + + + + + + + + - 

+ + + + + + + 4- + + ± o o + + + + + + + + ++ 0 +_r o - 

0 o 0 - - 0 0 0 V 


1/80 1/4 1/8 1/4 1/8 1(4 
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These experiments have shown that Mitisfnctoi \ heipetic antigen* foi com- 
plement fixation test-' with immune ‘-eiu ftom man 01 animals can he obtained 
fiom the amniotie 01 allantoic fluids of cluck embiros infected with the vine of 
herpes simplex In vanous loutes The stianis of runs ined ridded siti-factor\ 
antigens after a few passages on the chmio-allantois of chick cnibnos b\ which 
tune it was found that gcneiah/cd infection of the embiros icgulaih following 
inoculation be the rolk sac or amniotie routes The antigen in allantoic and 
ammotic fluids is on the whole more satisfacton than that picpaml from infected 
chono-allantoic membianes as the fluids aie almost devoid of anti-complement an 
pioperties The complement -fixing antigen mar be obtained lelatnch free 
fiom virus and is lelativeh heat-labile, being great 1\ weakened b\ he.ituur at 
5G° foi one bom Fluids after boiling mar lelam s]jght complement fiximr 
pioperties with immune seia suggesting that there mar be a more stable compo- 
nent of the antigen m the expci iments descubed, howevei such he at -stable 
antigen was appaientlr of little importance m the reactions obtained with 
unheated fluid 

The experiments lecouled afibul no pi oof that the complement -fixing antibody 
m immune sera is the same as that concerned with neutralization of the virus 
However, ten seia rreie tested both hr the complement fixation technique and 
by neutralization of herpes vnus on the chouo-allantois tlicie was complete 
con elation of the lesults obtained by the two methods Of 13 individuals who^e 
history as regaids heipetic infection was known the seia from .ill those and 
only from those with such a lust on gave a positive complement -fixation teM 
Furthei , the piopoition of positives found by complement -fixation on seia vent 
for routine Wassennann tests was sinnlai to that lecorded hv ncuti ah/at ion testv 
m the hands of othei woikers, and the lesults on individual seia weie smnlailr 
either completely negative or strongly positive Iso weak positire or doubtful 
reactions were encounteied 


surm rm 

Complement-fixing antigen has been clemonstiated m suspensions of chono- 
allantoic membrane 2 dars after moculation ruth heipes simplex mils and m 
extra-embryomc fluids within 24 hours aftei the death of the embivo following 
either yolk sac, allantoic oi ammotic moculation Seia from immunized guinea- 
pigs and rabbits and sera from persons liable to i eminent heipetic infection 
served for the demonstiation of the antigen 
The activity of the complement-fixing antigen is chiefly due to a soluble * 
specific substance separable fiom the uius bv high-speed centnfugation 

The activity of the “ soluble ’ antigen is largely destiovecl bv heat at 56° 0 
foi 1 hour , a slight degree of activity is still retamed after boiling foi 5 minutes 
The antigen can be stoied ruth httle loss at 4° for 3 months 

Using the complement-fixation technique, no antigenic diffeiences could be 
demonstrated among 4 recently isolated strams of herpes vnus 

The complement-fixation technique affords a sensitive method foi detecting 
herpetic antibody m human sera, and is more economical of time and liiateuals 
than neutralization tests 
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I am indebted to Piofcssoi A W Donnie foi encomagement and advice 
dunng the course of tins nolle 
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In a previous communication (Ma-ser-Gross and Walker 1040) it \\ as ‘.hown 
that the mtravenous injection of 20 g of L glutamic, amitioacctic oi para-ummo- 
henzoic acid to subjects m In pogl\ eaemic coma could result m the restoration 
of consciousness and that -while some rise in the blood glucose occurred m such 
cases, it was insufficient to account for the return of consciousness 

In search of an explanation of this effect of the parenteral introduction of 
excessive ammo-acids into the blood, it seemed of interest to consider the influence 
of hypoglycaenna on the norinalh circulating free ammo-acids It had long been 
knoivn that the free annno-acids m the blood arc diminished in hvpogh caenua 
(Luck Morrison and Wilbui, 192S Daniels and Luck, 1931 , Hams, Blalock 
and Horwit-z, 193S , Hams and Hams, 1947), and that the subsequent adminis- 
tration of glucose results in a further decrease in the circulating ammo-acids (Luck 
Dans and Van Winkle 1935 , Hams et al , 193S) Dans and Van Winkle (1934) 
and Cnsman, Hanvev and Luck (1940) have ascribed this to the effect of adicnahn 
secreted in response to the injected insulin, because thej, found that the decrease 
m blood ammo-acid does not occur v hen insulin is injected into the adrcnalec- 
tonuzed animal, and that the injection of adrenahn itself to the intact animal 
produced hypoammoacidemia If adrenahn is the agent -which causes the 
diminution of amino-acids one -would expect to find a definite relation between 
the amino-acid and blood glucose levels indicating the sympathomimetic action 
of adrenahn Moreover, the ammo-acid content m subjects exhibiting greatet 
restlessness and less depth of coma should differ from that in subjects who 
progressively go mto a quiet and deep coma 

There are, however, other possible explanations of the ammo-acid decrease 
m hypoglycaenna besides adrenahnaemia Darnels and Luck (1931) have dis- 
cussed the hypothesis that insulm hypoanunoacidaemia mav be due to an in- 
creased rate of glyeogenesis from ammo-acids, the hvpogh caenuc state providing 
a stimulus to glycogenesis They also thought of a more direct influence of 
insulin on protem metabolism That this exists has been confirmed bv more 
recent work Bouckaert and Ins collaborators (Laquet, de Najer and Bouc- 
kaert, 1934 , Bouckaert and de Duve, 1947) and Mirsky (193S) have shown that 
insulin exerts an inhibitory effect on proteolysis m the peripheral tissues as v ell 
as that it promotes or inhibits deamination m the liver, the lattei being depen- 
dent on the blood glucose level 

Some of these observations have a bearmg on our special pioblem, and proved 
accessible to study on clinical material In the first part, of the present paper 
serial experiments are reported demonstrating a quantitative relationship be tv een 
plasma ammo -acid and blood glucose levels in hypoglycaemia In the second 
place, the effect of adrenahnaemia on the ammo-acid level is examined, using 
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clinical observations as a test without special regard to the blood glucose level 
Finally, an attempt is described to test hepatic deamination using galactose as 
an indicator of the speed of glycogenesis m the presence and absence of excessive 
ammo-acid in the cn dilation 


TECHNICAL 

The subjects of the experiments w ere, as previously, patients undergoing 
Sakel’s Insulin Coma Tieatment and the same standard of coma was adopted 
An injectable prepaiation of L glutamic acid was made as described before 
(Mayer-Gross and Walkei, 1949), and blood glucose determinations were made 
bv the method of King, Haseluood and Delorv (1937) Plasma ammo-acid 
mtiogen detei urinations w ere made bv the method of Folrn as modified by 
Danielson, Snhvun and Frame, Russell and Wilhelmi (Hank, Oser and Summer- 
son 1947) Blood galactose w as estimated bv the same technique as blood 
glucose, v ith the exception that the isotonic sodium sulphate solution contained 
a fine suspension of \\ ashed yeast, and that the blood was allowed to remain in 
contact -with tins for ten minutes before piecipitation of the proteins took place 
Under these conditions the blood glucose was completely fermented while the 
galactose u as not affected Bv the use of standard solutions of galactose it was 
possible to compile a table of relationship between x/ 200 sodium thiosulphate 
solution and galactose 


EXPERIMENTS AND RESULTS 
Plasma Aimno-acid and Blood Glucose 

It w as desirable to obtain comprehensive data of the concentrations of plasma 
amino-acid nitrogen, blood glucose and of the subject’s state of consciousness 
over the whole period of “ Insulin Treatment, ’ fiom the point at winch insulin 
was first given to that at winch consciousness w r as fully restored after eithei a 
sucrose feed alone or combined with an intravenous injection of glucose 

A senes of 22 expenments w as earned out m w Inch simultaneous estimations 
of plasma anuno-acicl nitrogen and blood glucose were made befoie the injection 
of insulin and at houily intervals thereafter until the pomt of onset of coma 
Observations w r ere made at tins pomt and 30 minutes later, immediately before 
the administration of 200 g of sucrose by a stomach-tube, furthermore at the 
pomt at which consciousness was restored and after a further 20 minutes If 
consciousness was not restored wnthm 30 minutes of the administration of the 
sucrose the blood glucose and the plasma amino-acid nitrogen were estimated 
before the intravenous injection of 33 per cent (W /V) glucose solution The 
quantity injected varied from one case to another, but averaged 80 ml (25 g ) 
After a further period of 15 minutes the observations on blood and plasma were 
repeated 

The results of these expenments are set out m Table I, m which Columns 
6 and 7 are alternative to Columns 8 and 9, depending upon whether or not it 
u as necessary to give an mtravenous injection of glucose m order to restore con- 
sciousness In 19 of the 22 cases it wall be observed that up to the pomt of the 
onset of coma the concentration of plasma ammo-acid nitrogen moves m the same 
rection as that of the blood glucose and the degrees of consciousness, and that 
1 was less at the end of coma than at the start m 12 of the 22 cases Columns 
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6, 7, 8 and 9 show that the admmistiation of carbohydrate either m the form 
of suciose by mouth alone ox togcthei until an mtra venous injection of glucose 
frequently resulted m a further deciease m the plasma ammo-acid nitrogen 
Examination of the figuies m these columns, howevei, shows that although some 
of the ammo-acid figures fall, otheis rise When the corresponding blood glucose 
level is less than appioximately 80 mg / 100 ml the plasma ammo-acid continues 
to fall, and over that level the ammo-acid concentiation commences to rise 

If such a cutical level of blood glucose exist; below which hypoammoacidemia 
takes place, tins had to be demonstiated m an experimental senes until more 
cntical observations, m which the blood glucose level dunng coma was vaned by 
giving small amounts of intravenous glucose In eight patients the first couple 
of blood specimens were taken two hours aftei the injection of sufficient insulin 
to produce a state of hypoglycaemic coma, and thereafter at foui 15-minute 
intervals aftei the intravenous injection of 5 g of glucose, and at tuo 15-mmute 
intervals after the subsequent injection of 30 g glucose The results aie set out 
m Table II In one case, Wy , Column 3, an increase m the plasma ammo-acid 
nitrogen was noted at a blood glucose level of 12 mg / 100 ml , and m five obser- 
vations it remained constant despite a considerable degree of hypoglycaemia 
All the remaining observations, 42 m number, weie m agreement with the prin- 
ciple noticed m the pievious experiment That the blood glucose levels m Column 
7 are m some cases higher than those in Column 6 is explained by the fact that 
after the injection of 30 g of glucose a quantity of sucrose dilution was given as 
a drink for the patient’s benefit 

The figures from Columns 6, 7, 8 and 9 of Table I and from Columns 2, 3, 4, 
5, 6 and 7 of Table II are combined m the scattei diagram, Fig 1 u Inch demon- 
strates the manner m which the nse and fall of the plasma annno-acid nitrogen 
is related to the level of the blood glucose, and m particular to the level of 80 mg / 
100 ml 


Plasma Ammo-acid and Behaviour in Coma 

There are marked individual variations of the subject’s behaviour m hypo- 
glycaenuc coma Some reach the stage quietly and remain so while the uncon- 
sciousness deepens progressively during the 30 mmutes before interruption In 
others the depth of coma fluctuates first and only later progressive deepening 
takes place Others again show much lestlessness, myoclomc twitchings and 


Table II Concentration m mg j 100 ml of Plasma Ammo-acid Nitiogen (AAN 2 ) and of 
Glucose ( Gl ) m Hypoglycaemic Patients Befoi e and After the Successive Intravenous Inj 
of 5 and 30 g of Glucose 


i 


Patient ' 

2 hours after 

insulin 

AAN, Gl 

Tc 

5 4 

19 

Col 

4 4 

23 

Tw 

5 1 

28 

Wy 

5 9 

12 

McN 

5 5 

12 

FI 

4 4 

14 

Th 

5 3 

9 

Co 

4 2 

21 


3 


15 min after 

6 g glucose 

30 min 
5 g 

after 

AAN, 

Gl 

aanT 

~qT 

4 0 

48 

4 6 

25 

6 5 

92 

4 4 

25 

5 0 

35 

5 0 

28 

4 8 

14 

6 2 

12 

4 1 

23 

3 8 

19 

3 7 

21 

3 6 

21 

3 9 

14 

3 8 

9 

4 0 

48 

3 9 

36 


i 

45 min 
5 g 

after 

5 

60 min 

6 g 

after 

AAN, 

— oi 

AAN, 

Gl 

4 5 

21 

4 0 

23 

4 4 

23 

4 3 

16 

4 9 

28 

3 6 

23 

5 6 

12 

5 6 

9 

3 2 

12 

2 9 

12 

3 4 

14 

3 5 

12 

3 6 

7 

3 0 

9 

3 8 

25 

3 7 

14 


6 7 

IB min after 30 min 
80 g SO tr 


AAN, 

Gl 

AAN, 

6 3 

120 

7 6 

4 9 

87 

5 1 

4 9 

90 

6 9 

6 2 

93 

7 1 

5 7 

132 

G 0 

4 3 

111 

4 9 

5 4 

118 

6 1 

4 9 

109 

5 4 
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Blood glucose m mg per 100 ml 

Fic 1 — Showing the rise or fall m plnsma amino acid nitrogon after tho injection of 
glucose to hypoglycaemio subjects plotted against tho resultant blood glucoso concentration 

extrapyranndal movements The fluctuations in depth are generally believed 
to be caused by the sympathomimetic effect of adrenalin counteracting the 
insulin Restlessness increases the output of adrenalin into the circulation 
Roth phenomena can be enhanced by sensory stimulation — for instance b\ 
needle -pricks in the withdrawal of blood If adrenaenua is, as v as suggested, 
responsible for the lowering of the ammo acid level, different values should be 
found parallel to the variations in the subject’s behavioui m coma 

In a senes of fifteen expenments estimations of the plasma ammo-acid nitrogen 
were made approximately 10 minutes befoie the patient became comatose, at the 
time at which coma commenced and at mteivals of 10, 20 and 30 minutes there- 
after Notes regarding the patients’ state of consciousness and behaviour a\ ere 
made at the same times The results are summarized m Table III and slion that 
in 13 of the 15 cases there is an average fall of 0 9 mg / 100 nil m plasma anuno- 
acid mtrogen at the time of the onset of coma This fall is not ah\ ays mam- 
tamed, and is m several cases followed by a rise In several cases where the coma 
was quiet, le not complicated by vanations m depth oi by lestlessness, there 
is a progressive fall, but m other similar cases this is not so On the other hand, 
the first case, although complicated by great fluctuations m the depth of coma, 
shows a progressive fall m the concentration of plnsma ammo-acid nitrogen' 
Three cases where excessive restlessness characterized the course of the coma, 
Numbers 2, 4 and 8, show a general tendency for the plasma ammo-acid nitrogen 
to rise 
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Table III — Conecnbahon of Plasma Ammo-acid Nitrogen in mg j 100 ml 10 
Minutes Bcfoie the Onset of Hypoglycaemic Coma , at the Moment of Ike Onset 
of Coma and at Intervals of 10, 20 and 30 Minnies Thereaflei 


Nurnbor 

10 nun beforo 
coma 

Coma onsot 

10 ram coma 

20 mm coma 

30 ram coma 

1 

5 5 

4 S 

4 4F 

4 2F 

3 9 

2 

4 6 

3 OR 

3 3R 

3 6 

3 9 

3 

6 1 

4 6R 

3 9 

5 1 

4 7 

4 

3 5 

4 6R 

5 OR 

4 S 

5 4 

5 

4 5 

3 SF 

4 SF 

5 OF 

4 1 

6 

5 7 

5 0 

5 7F 

5 0 

4 4 

7 

5 5 

4 7 

4 SF 

5 6F 

6 1 

S 

5 OR 

5 4R 

5 5RF 

5 5RF 

5 7 

9 

5 7 

5 5 

4 6R 

5 0 

5 4 

10 

4 8 

3 8 

3 9 

5 2 

4 S 

11 

4 7 

4 6 

4 4 

4 2 

4 2 

12 

4 7 

4 6 

4 6 

4 4 

4 3 

13 

4 5 

3 6 

3 6 

4 5 

5 0 

14 

5 9 

3 6 

5 6 

5 1 

4 5 

15 

5 6 

4 4F 

4 5 

4 0 

5 2 


F = Fluctuating coma , R = considerable restlessness 


Tliis senes of experiments failed to show any direct lelationslnp between the 
plasma ammo-acid nitrogen and the behaviour of the subjects m hypoglycaemic 
coma The tlieoiy that the decrease m circulating ammo-acids m hypoglycaemia 
is due to the action of adienahn was not confirmed, since m those restless cases 
m which the output of adrenalin might be expected to be high the fall m the 
plasma amino-acid nitrogen was often the least maiked 

Influence of Excessive Amino-acids on Glycogenesis 

Since the most probable reason for the withdrawal of free amino-acids from 
the circulation m hypoglycaemia is their deamination in the hver, and m new of 
the fact that tins appeared to be reversed by the elevatron of the blood glucose 
above 80 mg / 100 ml , it appeared to be worth while to examine a complementary 
phenomenon, l e the effect of an abnormal amount of circulating ammo-acid 
upon the rate of formation of glycogen m the presence of an excess of insulin 
For this purpose the rate of disappearance of galactose was observed when 
injected alone and in the piesence of an excess of L-glutamic acid Galactose 
is converted into glycogen relatively slowly, and cannot be directly utilized m 
the tissues (Peters and Van Slyke, 1946) 

Approximately two hours after the injection of sufficient insulin to produce 
hypoglycaemic coma, rune patients received intravenously 20 g of L-glutanuc 
acid as well as 25 g of galactose After these injections parallel observations 
were made of blood glucose, blood galactose and plasma ammo -acid nitrogen at 
intervals of 15, 30, 45, 60 and 90 minutes On a subsequent day a control experi- 
ment was earned out on the same subjects, receiving the same dose of msulm, 
who had been given only 25 g of galactose Blood glucose and galactose were 
estimated at the same intervals 
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The results are set out m Table XV, those of the expcnmcnts with glutamic 
acid m Columns 1-7 and those of the controls until galactose alono in Columns 
8-14 When L-glutamic acid was injected the galactose concentration vas 
greatei and its peisistence m the blood longei than in the control experiment 
As an expression of concentiation and peisistence the “ Galactose Index ” is 
given for the experiments and conti ols m Columns 7 and 14 icspectivcly The 
figuie was airived at fiom the formula 

Sum of galactose concentiations m mg /1 00 ml x time of peisistence in minutes 

Too 

Its latio between the expeiimcntal and conti ol values is never less than 2 1, 
and m 6 of the 9 cases is gieatei than 5 1 

Columns 1-6 of Table IV also show a reasonably constant lelationslnp between 
the blood level of ammo-acid nitiogen and the presence of cn dilating galactose 
With the exception of the second case, CZ , galactose is not absent from the cir- 
culation while the concentiation of plasma ammo-acid nitiogen is substantially 
above that existing before the injection of L-glutanuc acid and galactose In 
Cases 1, 6, 7, 8 and 9 circulating galactose jiersists throughout the pcnod of the 
experiment, and m each case the amino-acid nitiogen romained above the lcicl 
originally observed Sinulaity the glucose values veic lnghei in the presence of 
mjected glutamic acid than m its absence 

If the glucose values fiom Columns 2-6 (experiments) and 9-1 1 (contiols) aie 
added up m each patient, one finds that m 6 of the cases the latio is appioxi- 
mately 2 1 and in one case nearly 5 1 , in the lemainmg two cases the figures 
are approximately equal Thus, m 7 of the 9 cases the quantity of cu dilating 
glucose under the experimental conditions was double that under those of the 
controls 


DISCUSSION 

If hypoglycaemia induced by an excess of insulin is lcgarded as a state of 
emeigency, during which the homeostatically so vciy mipoitant level of blood 
glucose is artificially lowered, one finds that the different organs of the human 
body respond m a set order to this emeigency In eailioi voile ue veic able to 
show that, for instance, the cerebral cortex only becomes unresponsive, pio- 
duemg the state defined as coma, when the blood glucose uns dcci eased to a level 
of 10 to 15 mg / 100 ml (Mayer-Gross and Walkei, 1945) Depicssion of the 
function of the taste buds controlling the taste foi sweetness alicady takes 
place at a blood glucose level of 50 nig /100 ml (Mayer-Gioss and Walkei , 
1946) Below this level our subjects selected fiom a numbei of di inks a con- 
centrated sucrose solution, winch they lejected because of its excessive sweetness 
above this level 

The result of the first senes of our present expernnents suggests anothoi 
cntical blood glucose level wlule plasma ammo-acid decieases progiessively 
under the mfluence of insulin as long as the blood glucose lemarns below SO mg / 
100 ml , tins process is stopped and reversed when it nses above tins level Because 
of the further fall of annno-acid aftei the oial intake of suciose and after waking 
up from coma, glucose and annno-acid levels seemed to be unconnected , m fact 
the mechanisms are linked up closely 

If one tries to explam this finding, one has to considei the tlnee relations 




Table IV — Concent) atioji m mg j 100 ml of Plasma Amino-acid Nihogen (AANf), Blood Galactose (Gal) and Blood 
Glucose ( Gl ) Befoi c and Aflei the Inh avenous Injection of 25 g of Galactose and 20 g Glutamic Acid to Lhjpoglycaennc 
Patients (Expenments) and of Blood Glucose and Galactose Aftei the Intravenous Injection of 25 g of Galactose Alone 
to the Same Subjects (Conti oh) 

Bxpei iments 
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between insulin and circulating amino-acids mentioned in 0111 introductory 
remarks Of these adienalaenua can, fiom our observations, be dismissed as an 
explanation The second senes of oui expenments undertaken to test the effect 
of adrenalin fluctuations gave no confu illation of an mtci dependence of adiena- 
hnaenna, as observed clinically, and amnio-acid level in the blood Morcovei , 
the minor blood glucose variations veil known as indicator-, of ndrenahnaenua 
aie not mnioied m the ammo-acid values — an obseivation adding fuither weight 
to the chmcal evidence 

The mlubitory effect of insulin on piotcohsis in the penplieial tissues mav 
contnbute to the ioveung of the cnculating ammo-acids , but it is difficult to 
-,ee how this should be linked up with the cutical blood glucose level ns closcl\ .is 
we found it If an excess of insulin is lesponsiblc foi the inhibit on effect such 
an excess is still piesent in om patients foi some time aitei thc\ have icco\eicd 
fiom hypoglycaenua, as shown bv then tendcne\ to iclapsc into mild hvpo- 
glycaemia dming the afternoon of the same dn\ Ncvcithcless, lnpoammo- 
acidaenna does not persist aftei the blood glucose is above the critical level 

The most plausible explanation is, theiefoie, that hepatic deamination loi 
the puipose of glyconeogencsis is the mam cause of the observed dccicasc of 
ammo-acids — a piocess. which one would expect to be conti oiled bv the blood 
glucose level The experiments of Laquct el al (l').U), w ho found that m animals 
lecervmg small amounts of glycine insulin laised the blood ammo-acid level if 
the blood glucose level was maintained bv infusion of glucose, aie stiongh m 
support of such a control So is the work of Ashby (1940) who has shown that 
the mtrapentoneal administration of amino-acids to the adrenalectomised lat 
diminishes the rate of conveision of glucose to liver gh cogen 

To gam furthei insight into the mteiiclation between ammo-acid cnculating 
m the blood and the fonnation of glycogen was the object of om third expen- 
mental senes The gieat diffeience betw een the values foi the galactose index 
under the two sets of conditions shows that the late of gh cogen foi mat ion must 
be markedly affected by the presence of the excess ammo-acid The fact that 
the galactose persists in the circulation while the ammo-acid concentintion 
remains above normal is confirmatory evidence 

The lesult of tins as w r ell as that of the earlier expenments can also tlnou some 
hght on our primary problem, viz the waking effect of excessive ammo-acids m 
hypoglycaennc coma It has become cleai why no dnect lelationslnp exists 
between the spontaneous hypoammoacidaemia and the state of consciousness 
in hypoglycaenua , for at the blood glucose level of SO mg / 100 ml . at which 
hypoaminoacidaenua termmates, consciousness has been lestoicd foi a long time 
The brain, as explamed befoie, returns to normal function at a much lowei blood 
glucose level Hence also the inefficacy of fluctuations of consciousness on the 
circulating ammo-acids m a condition below the critical level (Table III) 

The galactose expenments, on the other hand, suggest that the acute laismg 
of the ammo-acid level m the blood not only stimulates hepatic deamination of 
ammo-acids, but at the same time slows down glycogencsis fiom cnculatmg 
caibohydrates Some of the circulating glucose which otherwise would be the 
mam source of glycogenesis is thus saved It may be that this glucoso, although 
not raised m its actual level, persists in the circulation foi a longer time and 
becomes more readily available to the biam cell — a hypothesis winch wall be 
tested m further expenments 
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SUMMARY 

When plasma ammo-acid mtrogen was observed before and aftei the injection 
of msulm m subjects undeigomg Sakel’s hypoglycaemia treatment, it was found 
to decrease as long as the blood glucose content was below 80 mg /1 00 ml If 
glucose was administered, this decrease was reversed only if the blood glucose 
rose above this critical level 

The theoiy that adrenalin is responsible foi the fluctuations m circulating 
aimno-acids was not confirmed by clinical observations Serial experiments 
failed to show any lelationslnp between behaviour of the subjects m hypoglv- 
caenua and ammo-acid level in the plasma 

Hepatic deamination being one of the possible causes of hypoammoacidaerma, 
galactose was used as an mdicatoi of the interdependence of the level of 
cnculatmg annno-acids and of glycogenesis from circulating carbohydrate 
Observations of its concentration and persistence m the blood of hypoglycaemic 
subjects was compared m the presence and absence of an excess of L-glutamic 
acid injected at the same time The results strongly suggested the existence of 
such an interdependence 

The experiments are discussed considering previous findings of other critical 
blood glucose levels in hypoglycaemia, and in mew of the explanation they may 
provide for the waiving effect of excessive amino-acids in hypoglycaemic coma 

We wish to express our gratitude to Dr P I( McCowan, Physician Super- 
intendent of Crichton Royal, for his interest in our work and for his permission 
to pubhsh the results Our thanks are also due to Miss A Beattie, sister -m- 
charge, and to the othei members of the staff of the Insulin Department, for their 
collaboi ation 
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THE FAILURE OF ANTI-HISTAMINE DRUGS TO INFLUENCE 
THE LOCAL VASCULAR CHANGES IN EXPERIMENTAL 
BURNS. 
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From the Medical Research Conned Burns Research Unit, 

Bmmvqham Accident Hospital 
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Whilst theie is geneiai agreement tii.it the ci\(hema of hums is due to the 
dilatation of the skill capillanes and venules, and that the oedema and blister 
fluids of moie severe bums arise fiom the blood plasma via t he vails of these 
tmy vessels, the mechanism of these phenomena is still in doubt Ebbeckc (1 02*1) 
postulated that a chemical substance vas hbci ated fiom damaged tissues and 
acted on the local capillaiies Lewis (3 027) developed this theoiv and usseiled 
that this compound was histamine oi a hislammc-hke substance, the H-substancc 
In more seveie bums the oedema, bhsleung and peiiphcial extension of the ei\- 
thema bevond the bum site, the “ flaie,’ were legauled b\ Levis as being due to 
the release of laigei amounts of H-substancc vhicli acted both dneeth on the 
vessels and by stimulation of local axon leflexes This theoi\ could not be 
critically tested until diugs with a powerful anti-lustammc action veic discmeiod 
and experiments designed to test the truth of tins lupothesis b\ the use of such 
drugs are recorded rn this papei 


PERMEABILITY AND BLOOD FLOW 7 CHANGES IN GU1NLV-PIG BLKXS 

The methods used m detecting these changes have been descnbed elseuheie 
(Sevitt, 1949) and are summarized below 

If the circulating plasma of an animal is dyed by the injection of Evans Blue 
(T1824) or Brilliant Vital Red (Colour Index 45G) and a bum is inflicted, the 
development of a dyed patch of skin indicates the flow of blood thiough skin 
vessels of increased permeability Tins has been called the patch reaction (Fig 3) 
and occurs m the less seveie burns whether the dye is introduced before burning 
or some hours later In more seveie bums stasis of the deimal blood flow occms 
and can be demonstrated by intioducmg the dye some tune aftei burning A 
narrow 7 blue rmg appears at the penpheiy of the bum, but the bum area itself 
remains eiythematous In this i ing-unih-erythema reaction, the peisistant eiy- 
thema which fails to blanche on pressure, indicates the presence of stasis, and the 
peripheral coloured ring indicates graded vasculai damage at the edge of the 
burn 

In some nng-with-erythema reactions, dye slowly moves mwaids from the 
coloured peripheral rmg, encroaching upon and obscuring the central eiythoma 
This is called the temporary ring -mth-ery them a reaction and indicates extreme 
retardation or stagnation of the blood flow 
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Double dye ieclmique 

Continuation of the blood flow over a penod, or the development of stasis 
within a period, may be demonstrated by the introduction of the red and blue 
dyes at different tunes For examples two 20-seconds bums, at 60° and 65° C 
lespectively, were inflicted on a guinea-pig An hour later Brilliant Vital 
Red was injected mtracardially and red patch reactions developed in both 
burns (Upper and lower bums m Fig 1) Tlnee hours later, Evans Blue was 
introduced In the 60° C bum, the red patch was replaced by a blue one and 
tins indicated the continuation of the dermal blood flow and the contmued 
permeability change over the four-hour period (Upper bums m Fig 3) in the 
65° C bum, however, a narrow ring appeared at the periphery of the red circular 
patch winch otherwise remained unchanged This indicated that stasis had 
occuned later than 1 hour after burning and within the following 5 hours 
(Lower right burn m Fig 3) 


PRESENT IN VE STIG ATION 

To deteinune whether anti-histamine drugs could modify their course, several 
bums varying m seventy but of known temperature and duration were inflicted 
on each of a group of gumea-pigs Half of these were previously injected with 
one or otliei of the drugs p-dnnethylammoethyl benzhydryl ether hydrochloride 
(Paike Dans & Co ), 2-phenylbenzyl aminomethyl-nmdazolme (Ciba Ltd ) or 
N-dunethylammoetkyl-N-p-metkoxybenzyl-a-aminopyndine acid maleate (neo- 
anteigan) (May & Baker, Ltd ) These will be referred to as benadryl, antistm 
and antlnsan respectively The permeability and blood flow changes of each 
bum were detemnned by the dye technique and the results were compared, bum 
for bum, m the two sets of animals Other comparisons made were the degree 
of oedema, the presence of erythema under the site of apphcation of the burning 
iron and the development of cyanosis therein, the retention or loss of sensation 
m the burned skin and the subsequent depth of skin loss Four sets of experi- 
ments were performed and m none of them were important differences noted 
between the bums on the control and the anti-histamimzed animals 


EXPERIMENTAL 

Albino guinea-pigs (560 to 670 g ) were burned under open-ether anaesthesia 
by firmly pressmg the bur ning surface of the iron on to the depilated back or 
abdomen The iron (Sevitt, 1949) was essentially a hollow brass cylinder through 
which circulated a current of hot water, the temperature of which could be varied 
and recorded The cylinder was closed at one end, and this, the burning surface, 
was circular and measured 1 in in diameter 

Evans Blue and Brilliant Vital Red, both 1 per cent solutions, were injected 
mtracardially m a dosage of about 1 c c 

Sensibility was detemnned at intervals by pinching the burned skm with a 

forceps and noting the reaction of the animal 

By examining the bums every 3 to 5 days, each was graded into one ol the 
categories of no skm loss, superficial skm loss, partial skm loss or whole skm loss 
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CONTROL OF THE EXPERIMENTS 

Pi ehmmary expenments with , and dosage, of, anh-hislaimnc dings. 

When 0 05 e c of 0 05 pei cent histamine acid phosphate was injected into the 
depilated skin of a noinial gumea-pig which had picuously been injected intra- 
caidially with Evans Blue, a well maiked blue wheal 0 to 12 mm m diamctci 
occurred This pioceduie was adopted as the ioutmc skin histamine test 

Half to one houi after the mtiamusculai injection of 50 mg of antistm (7f> 
to 90 mg per kg ) into a gumea-pig the skin histamine test failed to produce a 
vdieal and the inhibitory effect geneially lasted 3 to 4 hours 

Benadryl m a 30 mg dose pioduccd complete piotection, but made the animals 
agitated, lestless and unsteady In a dose of 10 mg (15 to 17 mg pei kg ) toxic 
signs w r ere absent, but the piotection was not complete, the blue wheal being 
reduced to a minnnum of 3 to 4 mm in about half an hour 

The maximum non-toxie dose of anthisan which pioduced complete skin pro- 
tection agamst histamine for 3 to 4 houis w r as between 12 5 and 25 mg , the lattei 
dose producing slight restlessness and agitation A dose of 17 5 mg (25 to 30 
mg pei kg ) was non-toxic and w r as equally effective ovei the same period 

During these tests, a blue staining 1 to 2 mm lound the puncture site occuired 
after some histamine tests, even during a period of appaiently complete anti- 
histamine protection As smulai “ necdle-tiack leactions ” often occuired m 
both anti-lustamimzed and control animals after any needle puncture, the pheno- 
menon was regarded as unrelated to the histamine injection and probably of 
mechanical origin 

On the basis of these results antistm m a dosage of 50 mg pei gumea-pig 
was used in Expenments 1 and 2, 10 mg of benadryl m Expenments 3, and 17 5 
mg of anthisan in Experiment 4 

Control of anti-Jmtamme action m mam experiments 

In Expenments 1, 3 and 4, a gumea-pig which w r as not burned w as mtioduced 
into each experiment m order to determme the efficiency of the anli-lnslaminc 
drug given to the other animals Evans Blue was injected intincauhalh , then 
a histamine skin test was performed and 10 to 20 minutes latei the appiopnate 
anti-histamme drug was injected intramuscularly m the same dosage as used m 
the burned animals Histamine skin tests w r eie then pei formed at 1/2 to 1 
hourly intervals 

In Expenments 1 and 4 these were completely oi almost completelv negative 
for 4 to 5 hours , m Experiment 3, the blue ivheal w r as reduced fiom 11 mm m 


EXPLANATION OF PLATES 

Fig 1 —Control animal (C\) Brilliant Vital Rod mjootod before burning 
Fig 2 — Anthisamsed animal (Aj) Brilliant Vital Rod injoctod bofoio burning 
Fig 3 — Control animal (C,) Evans Bluo injoctod 3 hours Intor 
Fig 4 — Anthisamsed animal (A x ) Evans Bluo injoctod 3 hours lator 

Figs 1-4 — (Seo text, Experiment 4) show the similar capillaiy •permeability and blood 
flow changes occurring m four similar burns inflictod on tlio abdomons of two guinea pigs, 
one anthisamsed, A,, the other a control animal, 

Note The contrast between the red and bluo colours on the skin is not so marked in the 
black and white reproduction as it was t n vivo 
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tlinmclci bcfoic injection of benadiyl to a mminiuin of 5 to 4 mm , the partial 
piotection lasting foi longei than 3 horns In Expen ment 2, the “ anti-histamme 
control ’ animal was not used, but the initial 50 mg of antistm was supple- 
mented by an additional injection of 12 5 mg half an hour after burning 

In Experiments 1, 2 and 3 slan histamine tests on all the burned annuals were 
earned out at vanous times aftei burning with the mtention of ckrectly deter- 
mining the efficiency of the anti-lnstaimne action m the burned, anti-lnstammized 
animals Unexpected difficulties m mterpietation arose All the anti-hista- 
mimzed animals gave the expected weak or negative leactions, and most of the 
contiol guinea-jugs showed xepeated positive skin reactions, but unexpected 
•weak or negative lesults weie obtamed m three of these animals For example, 
in one iinjnotecled annual a skin histamine test pioduced a well marked wheal 
soon after buimng , 1 and 2 hours later similar tests were negative, but after 
anotliei 2 hours were again positive In other words, this burned animal became 
temporarily insensitive to histamine Tins result is difficult to explain How- 
ever, whatever the explanation of this phenomenon is, it was concluded that 
when negative slan histamine tests occurred after burning an anti-histamimzed 
animal, the failure of the skin to respond to injected histamine was not neces- 
sarily due to the action of the injected anti-histamme drug 

Nevertheless, as a result of the lnstamme tests on the unbumed anti-hista- 
minized animals, we may* conclude that m Experiment 1, 2 and 4, the burned 
anti-histamimzed annuals were completely protected agamst the effects of a 
lelatively large dose of lnstamme and that m Experiment 3 the protection was 
partial 

MAIN EXPERIMENTS 

j Experiments 1, 2 and 3 

The geneial plan of Experiments 1, 2 and 3 is shown in the Table I At least 
four ammals, a, b, c and d, were used m addition to the unbumed “ anti-histamme 


Table I — Shewing the Gene) al Plan of Experiments 1 , 2 and 3 

Guinea pig 


Order of technique used 

A * 

B * 

C 

D 

Un 

burned 

Evans Blue injected mtracardially 

+ 

+ 

r 

— 

control 

+ 

Anti-lnstamme drug injected intra- 
muscularly 

+ 

_ 

+ 



+ 

Repeated lnstamme slan tests 

Animals burned 

+ 

+ 

4* 

+ 

+ 

Evans Blue injected intracaidially 


— 

interval 

+ 

interval 

4- 

— 

* In Experiment 2 

duplicate animals used 




control 55 previously mentioned In Experiment 2, duplicate ammals a and b 
were used a and b were injected with Evans Blue, and a fey minutes later a. 
and c received the appropriate anti-histamine drug intramuscularly In Experi- 
ments 1 and 2, lnst amm e slan tests were performed on annual A 1/2 to 1 hour 
later and produced no leactions 
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S imil ar bums were then perfoimed on coi responding parts of the hacks 01 
abdomens of all the animals At lepcatcd mtci vals a clinical estimate of the burn 
oedema was made (0, + , -j — (- or -j--f--f-) and skin sensation tests were pci formed 
In A and b the changes in the bums to cnculating d\ cd plasma w as noted, and in 
o and d the presence or absence of cyanosis in the bum ei ythemn was looked foi 
Such penpheial cyanosis indicates local slowing of the blood stream (Lundsgaard 
and Van Slyke, 1023) At definite times aftei burning Evans Blue was injected 
mto annuals c and d, these intervals being 3, 3/4 and 1 hours m Experiments 1 
2 and 3 respectively The icactions of the burns to plasma d\ed at this stage 
were noted Most of the animals suivivcd and the depth of skin loss in each 
burn was clinically detei mined 

Choice of Inn ns — On the bases of picvious cxpciicncc (Sevitt, 1940) the tem- 
perature and duiation of the bums inflicted were so selected as to give a complete 
range of severity of binning up to, but not including burns which produced 
immediate heat neciosis of the whole skin The burns langed m seventy fiom 
those m which the capillaiy pcimeabihty changes and subsequent skin loss were 
absent oi slight and in which sensation was ummpaned, to those in which lapid 
stasis of the local blood fiow r and analgesia occuried and which wcic followed b\ 
whole thickness sloughing of the skin 

In Experiment 1, four bums at 50° C and foui at 02° G foi 10, 20, 30 and 00 
seconds respectively w r ere peifonned on each animal In Experiment 2, onl\ two 
bums at 55° C for 20 and 30 seconds weie inflicted, and in Experiment 3 the 
burns in mcieasmg ordei of seventy were 54° C for 20 seconds, 58° C for 10 
seconds and 60° C for 20, 30 and 60 seconds 

ExpenmeiU 4 

In this experiment anthisan (17 5 mg per animal) was the anti-lustamine 
drug used , the permeability and blood flow changes in the burns weie detei - 
mined by the double-dye technique 

Five albino guinea-pigs were used, one of wducli was not burned and sci \ cd 
as the “ anti-histamine conti ol ” The othci foui (a 1} cq and c 2 ) weie paired 
off, each pair receiving identical treatment, that is to say, each set of obscivations 
was dupheated All were injected mtiacaidinllv with Biilliant Vital Bed Aj 
and a 2 then received mtramusculai injections of anthisan, cq and c„ solving as 
the controls Half an hour latei a senes of six bums, all at 61° C , w ere inflicted on 
each animal The seventy was vaned by using diffeient binning tunes , bums 
of 5, 10, 20 and 30 seconds’ duration w r eie made on the abdomens, and bums of 
45 and 60 seconds weie made on the backs Three houis aftei bin mug Evans 
Blue was injected mto all four animals 


RESULTS 

In none of the expenments was any significant diffeience noted between com- 
parable bums on the conti ol and anti-histammizcd animals In paiticulai no 
significant differences were observed eithei m the eiythema, capillai y permeability 
or blood flow changes in the burns, m the degree of oedema occiumig, m the 
sensory changes or m the subsequent depths of slun loss For tins reason only 
the results of Experiment 4 are recorded in detail 
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Results of Evpenmeiit 4 

The reactions of the abdominal bums m one of the control and one of the 
anthisamzed animals (o 1 and A 1 respectively) are shown photographically m Fig 
1 to 4, where the upper left, upper right, lower left and lower right bums were 
of 5, 10, 20 and 30 seconds’ duration respectively 

In Fig 1 and 2, which were taken 1 hour after burning, the reactions of the 
bums to the presence of circulating red-dyed plasma are shown All the bums 
m all the animals developed patch reactions, which indicated that the local blood 
flow was continuing m each bum and was passmg through minute dermal vessels 
of increased permeability In the 5 seconds 5 bums, however, the patch reactions 
(and hence the permeability change) was delayed and less marked than m the 
remamdei Oedema was not detected m any of the 5 seconds 5 bums, was very 
shght or absent m the 10 seconds’ bums, but was well marked in all the bums of 
longer duration No significant differences were noted, bum for bum, between 
the control and anthisamzed animals during this period 

The reactions of the abdominal bums m Annuals A r and c x to the Evans Blue 
injected 3 hours later are shown photographically m Fig 3 and 4 In A x a blue 
patch failed to appear m the 5 seconds’ burns, the shght red patch remaining 
unchanged This indicated that the slightly increased permeability change of 
the dermal vessels detected 3 hours previously had now disappeared In a nim als 
a 2 , c x and c 2 , however, blue patches appeared, but were not prominent (Top left 
bum in Fig 3) On the other hand, definite and well marked blue patch reactions 
occurred m all the 10 seconds’ bums (Top right bums m Fig 3 and 4), indicating 
the continued circulation of the local blood flow and increased capillary permea- 
bility change m each of these bums for a period of three hours after burning In 
all the 20 seconds’ burns, blue rings appeared at the periphery of each red patch, 
but within half an hour Evans Blue was entering and obscuring each of these 
red-dyed areas (Lower left bum m Fig 3) These reactions are of the same 
natuie as temporary nng-with-erythema reactions and indicate extreme retaida- 
tion or stagnation of the local blood flow In all the 30, 45 and 60 seconds’ bums 
blue peripheral rings also appeared, but these remamed unchanged Stasis of 
the dermal blood flow in each bum had occurred 

No real differences were noted, therefore, in the permeabihty and blood flow 
changes occurring, bum for bum, between the control and anthisamzed animals 
Skin sensation was normal m the 5 and 10 seconds’ bums In the 20 seconds’ 
bums sensibility varied with time, that is to say, normal or partial sensibility 
was present soon after burning, but within a few hours partial or complete anal- 
gesia developed In the 30, 45 and 60 seconds’ bums, analgesia was complete 
within an hour or two of burning The sensory differences were no more marked 
bum for bum, between the control and anthisamzed annuals, than between the 
two controls or between the anthisamzed animals themselves 

Three of the anim als (a 2 , c x and c 2 ) survived The degree of skin loss m the 5 
seconds’ bums was very shght m each bum , the skin loss was superficial in all 
the 10 seconds’ bums , and in the 20, 30, 45 and 60 seconds’ bums whole skin 
loss developed in all three animals 

CONCLUSION 

Within the limitations of the experimental methods used, the protection of 
guinea-pigs against histamine by the drugs benadryl, antistin or antlnsan has no 
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detectable effect on the changes pj odneed by bin ns of diflei cut degrees of se\ ei i( \ 
These changes include erythema of the skin, Ihe picsenee 01 absence of pei- 
meabiliti change developing soon aftci burning oi piosent some lime latoi, the 
development of stagnation 01 stasis in the deimal blood (ion, and the degiec of 
oedema foimation In addition, letcntion of loss of sonsibihti to a painful 
stimulus was not affected noi was the subsequent clinical course of the bum 

DISCUSSION 

The symptoms of anaplnlaxis and related disoidei-. and the local reactions 
of the body to tiauma wcic explained by Dale (1626), and Lewis (1627) as being 
due to the hbeiation of inti acellular lnstamme In paiticulai, Lewis postulated 
that when the skin was lnjmed m vanous wn}s H -substance was lelcased from 
the epithelium and acted upon the undei lying minute \cssels m the dermis In 
this w r ay dilatation of the capillaries and \enules was produced and this was 
followed by the exudation of fluid when sufficient H-substance was liberated 

These theoiies weie simple in concept and had the advantage of explaining a 
multitude of biological phenomena on the basis of the known pharmacological 
action of a single chemical compound Moicoici, the lnstamme concept led to 
a successful seaich foi dings capable of opposing the action of histamine, and the 
discovery of these drugs led to then use m cxpci nncnts and clinical trials, one 
of the purposes of which w r as to test the tiuth of the histamine hvpolhcses of 
Dale and Lewis The lesults of these have varied on the one hand anti-hista- 
mine drugs protect a sensitized animal from many of the symptoms of annph} - 
laxis (Yonlunan, Oppenheimer, Renmck and Pellet, 1647) and there is general 
agreement that the}" are effective against urticai la (Sclnndlci, 1646, Hunter, 
1947 , Overton, 1948), and against hay fevei and otliei foims of spasmodic rhinitis 
(Southwell, 1948) It would appear, theiefore, that the phaimacological action 
of liberated histamine plays a dominating pai t in the pi odnclion of these conditions 

On the other hand, spasmodic asthma raid} responds to anli-histamine dings 
(Southwell, 1948) Moieovei, the prophvlactic use of nnti-lnstnmme dings is 
unable to suppress or modify the Aithus phenomenon m horsc-scium sensitwed 
rabbits (Last and Loew, 1947 , Daraimn and Bukant/, 1646) Furthennoie, the 
reaction of the rabbit’s skin vessels to the intradeimal injection of horse-seium, 
trypsm, snake venom, staphylococcus toxin, tetiacame, iodine and hepaun aic 
not influenced by the piophylactic injection of benadi yl or neonntergan (Last and 
Loew, 1947) The expenments now lejiorted have shown that neithci benadi} 1, 
antistm nor anthisan can inhibit or modify the peimcabihty, vasculat How and 
other changes in the skin of guinea-pigs subjected to hums of diffcient degiecs of 
seventy 

There is evidence, howevei, that not only is lnstamme hbciated fiom binned 
tissues, but new formation of lnstamme may occm (Dcknnski, 1645) It follows, 
therefore, that the ineffectiveness of nnti-lnstnmuie dings m modifwng the 
reactions produced by burning does not mean that lnstamme is not hbciated fiom 
or not formed in burned tissues, but means that the pioblcm is a much widei 
one than discovenng m which biological xeactions histamine is hbciated or 
excreted In other w r ords, the finding that lnstamme is loleased does not neces- 
sarily mean that it is responsible for the reaction pi esont, even when this i csembles 
one of the pharmacological actions of histamine In anaphylaxis, mhcaiia and 
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liay fever it would appear that the internal release of histamine plays a major 
part, but histamine release cannot be very important in the response of the skm 
vessels to heat 

Anothei explanation for vascular changes occurring m bums has been put 
forward (Cullumbme and Rydon, 1946) This is based on the discovery of leuco- 
taxme in inflammatory exudates by Menkrn ( 1 940) Intradermal injection of this 
substance ni high dilution causes an mcrease of capillary permeability and 
attracts leucocytes to the affected area Cullumbme and Rydon have found 
leucotaxme m the vesicle fluid of heat and mustard bums The leucotaxme 
theory fundamentally resembles that of Lewis and is subject to similar criticisms 
In the absence of a substance antagomstic to leucotaxme this theory cannot 
be subjected to a critical trial 

The cause of the vascular changes m bums remains unknown, though it is 
possible that heat itself is the direct noxious agent 

SUMMARY 

The piotection of guinea-pigs against the action of histamine by the drags 
benadryl, antistm or anthisan (neoantergan) had no detectable effect on experi- 
mental bums of various degrees of seventy The changes investigated mcluded 
the erythema of bums, the capillary permeabdity and quahtative blood flow 
changes m the skin, the clinical degree of oedema formation, the skm sensibihtv 
and the subsequent clinical course of the bums 

The wnter is m receipt of a part time grant from the Medical Research Council 
Thanks are due to Mrs F Lowe and Mr J Cooper for techmcal assistance, and to 
Miss M Hayes for mvaluable clencal assistance 
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It has been suggested that the activity of the enzyme fi-glucuronidase 
reflects the degree of cellulai prohfci ntion taking place in a tissue or oigan 
(Lewy, Kerr and Campbell, 1048 , Keir, Campbell and Lcvv\ , 1040) Evidence 
has been presented showing that the 011/30110 aclivilv' of tissue extracts is 
increased m damaged oigans undergoing rejiair, during liver regeneration subse- 
quent to partial hepatectomy, and in the organs of young mice as compared 
with adults 

Biochemical assa 3 r was necessary 111 ordei to obtain a quantitative expiession 
of (3-glucuromdase activity, but this gives no indication of the actual site of the 
enzyme m the cell The lecent publication of tv o lnstochemical methods 
(Fnedenwald and Becker 1948), non enables the location of the en/ 3 r me to be 
studied 


EXPERIMENTAL 

The methods used for the lnstochemical detection and localization of (}- 
glucuronidase were essentially those devised b 3 r Fnedenw aid and Beclcei (194S) 
Their teclnuque depends upon the ltydiotysis at 37° C of a conjugated glucui- 
omde by the enzyme in fresh frozen sections of tissues, with eitliei the direct 
liberation of an insoluble azo d 3 r e, 01 the foimation of a precipitate of feme 
hydroxyqumoline which is conveited into Prussian blue In both methods 
microscopically visible substances aie deposited at the presumptive ute of 
enz 3 rtne activity m the tissue 

( 1 ) “ 1 -ortho-hydi o%yphenylazo-2-naphthol glucuronulc ’ (Fried em\ aid and 
Becker, 1948) The substrate solution was made up by dissolving 50 mg of 
the glucuromde m 1 htie 0 1 N acetate buffer at pH 5 until v aiming When 
cool, the solution was filteied Unfixed fiozen sections, between 20 — 40 p. in 
thickness, were incubated m a water bath at 37° C in 100 ml substiate solution 
m stoppered vessels of such capacity that the an space above the solution was 
small 

Aftei incubation, the sections were washed 111 distilled watci, fixed in 10 
per cent formalin and 1 pei cent acetic acid, and eilhci mounted dneeth in 
glycerine jelly, 01 countei stained with 0 5 pei cent methyl giecn m 0 5 per cent 
acetic acid and then mounted 

Controls for the specificity of the method consisted of incubating the substiate 
alone, incubating with meit foieign mattei, eg papei pulp, and incubating 
with frozen sections of boiled mouse kidney I 11 no case did hydioRsis occur, 
even after 18 hours 

( 2 ) 8 -hydroxyqmnohne glucmomde (Binhm, 1S99) The substiate solution 
was prepared as described by Fnedenwald and Beclcei (1948) Aftei the addition 
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of 0 011 n fciric chlondc, followed bv incubation at 37° C foi 2 hours, it w r as 
found necessary lo cany out n double filliation tluough Whatman No 40 paper 
(o icmo\c the vcr\ fine suspension of fciric hydroxi, quinoline which foimed 
Filtration was earned out in an mcubatoi saturated with w r atei vapour 

It was found ad\ nntageous to place the frozen sections in chilled 0 1 N acetate 
buffer pH 5. as soon as tho\ were cut and to icmove as much buffer as possible 
b\ touching the sections against a Whatman No 3 paper bcfoie transfeinng 
them to the snbstiale Small weighing bottles capable of holding about (> ml 
were used as incubation \esscls These had the adxantage that there was onh 
a small an space between the liquid suiface and the stopper 

The substinte was used on the dm> it was picpaied, and sections w’eie placed 
in it within 2 to I minutes of tutting One of the main difficulties associated 
with this method was to obtain a complete conveision of the enzymatically 
hbeiatcd feme In dioxi quinoline to Piussmn blue 'fins was laigch ovei- 
eome b\ increasing the concentiation of potassium fenocynnide from 1 pei 
cent/ to 2 per cent in the fenoc\anide-h\drochIonc acid mixtuie Sections 
wcie fixed as m method (1) and counter-stained with basic fuchsm 1 5000 

in 1 per cent acetic acid 


hi srr/rs 

Location of the enzyme 

Fig 1 shows that the en/Mue is localized to the coitical region of the male 
mouse kidiioN and Fig 2 is an adjacent section incubated in a control solution 
m which S In dro\\ quinoline glucuiomde was rej (faced bv an equal volume of 
buffer \ highei m ignifh at ion (Fig 3) shows the cnzMiic to be mainh localized 
to the pi o\ mud (omohited tubules Tn suitabh thin sections at a still highei 
powoi the* enzMiie appeals to be localized m the basal pnits of the cells con- 
st itut mu the pummel r omohited tubules, coincident with the parallel lods 
frequent 1\ to be M*on JM oidinan histological picpaiations These lods aie 
thought to be mitochondna (Mnximow and Bloom 1*148) The distal convoluted 
tubules do not show such an intense leaetion and theic is onh a vei\ shght 
staining of Bowman's capsule and the glomerulus of the male kidney (Fig 5 
and 0) Sinnlai localization to the mitochondna was seen m fiozen sections of 
livei (Fig 7) 

Paiaffm sections of tissue fixed accoidmg to the Gomon technique for phos- 
phatase, showed onh a \ei\ faint staining with l-oitho-hvdroxyphenylazo- 
2-najihthol glueuioinde ’ and none at all with 8-h\ diox\ qumolme glucuromde 

Influence of ])]] 

In a senes of Inals with both glucuiomdes in which the pH of the substrate 
w r as respectively 4 5, 5, 5 2 and 5 5, the best lesults were obtained within the 
range 5-5 2 using the normal male mouse kidney 

Inhibition by sacchanc acid 

Saccharic acid is known to be an effective mhibitoi for ^-glucuronidase in 
vitro (Karim airatn a m and Lcvvy, 1949) Its action was utilized to test the 
specificity of the histochemical methods Potassium hydrogen saccharate 
was dissolved m water to give a concentration of 0 1 m Before final adjustment 
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of the volume the pH was adjusted to 5 (glass electrode) 'Plus volution was 
added chmng preparation of cilhci substrate solution in place of pm l of the 
acetate buffo 

Using S-hydroxyquiiiohnc glucnromde as substiate, 0*001 m sncchnrnte 
caused almost complete inhibition of Indiolysis by a section of male mouse 
kiduoy r (Fig 4) Fig 4 should be compaicd with Fig 3 w Inch slums another 
section from the same kidney incubated with substrate m absence of saccharntc 
To see w hetlier sacchanc acid penct rates intact colls, a bisected mouse kidney 
mis incubated overnight in 8-lndrow quinoline ghiemomde solution containing 
0 001 m sacchaiate As contiol, the other kidney, also bisected, was inculiatcd 
m substiate alone Serial fio/en sections from the contiol kidnei showed pene- 
tration of the glucuromdc to a depth of 20 to 50 cells Inhibition by saccharntc 
w as almost complete at all depths 

Using “ 1-ortho-ln drox>p)iem ln/o-2-naphtho! ghiemomde ’’ as substrate, 
inhibition by sacchaiate was not pionounced, although the inhibitor appeared 
to delay the le action A more pronounced inhibition resulted when sections 
ivere incubated with 0 001 m sacchaiate before placing in the substrate and 
inhibitor With this ghiemomde it appears that the insolubilitA of the reaction 
product is so great that the icnction is governed more by the rate of diffusion 
of the substrate than by the amount of enzymic available After 2 or 3 hours 
incubation the fullest possible intensity of staining is seen, independently of the 
activity of the enzyme present At shoiter penods, some disci munation m 
intensity is possible between different preparations, but the icnction is not very 
suitable for comparative w'ork 

Influence of sex on results 

It was incidentally' observed that male mouse kidneys gave a more intense 
staimng reaction to both methods than female oigans A suitably short period 

EXPLANATION OI*' PLATES 
(All photographs prepared from frozen sections ) 

P-LATI I 

Pig 1 — Longitudinal section of male mouso kidney showing lo< ah/jition of p glucuronidase to 
the cortex Substrnto 8 hydroxy quinoline glueuiomde Incubation time 12 hours 
X 12 

Fio 2 — Control section incubated for tho samo time in the absence of the glneuromde v 1 2 
Fig 3 — Localization of tho on/ymo mainly to the proximal com oluted tuhulea of the kidnec 
Substrate 8 hydroxyquinohne glucuromdc Incubation lime 12 hours \ 3(1 
Fig 4 — Succeeding section to that shown in Fig 3 TI\drohsis hns been mhibittd bv 
0 001 m saccharntc x 3(3 


Plati II 

Fig 6 — Proximal convoluted tubules of tho kidney, showing huali/ation of staining to 
tho mitochondria Substrate ‘ 1 ortho hydroxvphonj laro 2 nnphtliol gluouronido ” 
Incubation time 80 minutes y 300 

Fig 0 — As for Fjg 5 Tho glomerulus is unstained Incubation time 100 minutes ^ ,100 
Fig 7 — Specific staining of tho mitochondria of mouso Inn colls Substrnte “ I ortho- 
hydroxyphcnyla7o 2 naphthol glucuromdc” Incubation time 80 minutes X 300 
Fig 8 — 3 4 benzpyreno induced squamous cell carcinoma of skin of mouse, showing intonso 
staining of tho malignant colls growing down into tho cormm Substrate 8 hjdroxv 
qumolmo glucuromdo Incubation tuno lfi liours x 30 
Fig 9 — Granular nnd filamentous mitochondria staining specifically m the G R OH /15 
chickon fibre sarcoma Substrate 8 hydros yqumolme glucuromdo Incubation tuno 
10 hours X 300 
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of incubation Mas used m Method 1. The hydrolytic reaction was reduced m 
castiate male mouse kidneys, and increased m kidneys from ovariectomized 
mice, m both eases s w ecks subsequent to operation Localization of the enzyme 
m.is identical m male 01 female knlncrs 

JfatiUs mill htmour bssi/e v 

(beat difficult \ Mas experienced in obtaining satisfactoiy histochemical 
inetures u^mginpidh -gioM mg malignant tumours, because of frequent widespread 
necrotic changes, ulnle m ceitam giowths the presence of laige amounts of 
mucoid material interfered uith the reaction Houevei, although lcsults were 
often unsat isfactor\ fiom the photographic aspect, a fan picture of the distn- 
lmtion of the on/,\ me Mas obtained m a prelimmaiy study As a uhole, tumouis 
seemed high m en/Miie activity comjiaied Mitli noimal hvei and kidney Table 
3 summan/cs the findings m those tumouis examined 


Tmjll I 


Tumour 

33 ous sarcoma, foul 

GLCK/H fowl 

Ovarian adenocarcinoma fowl 


blouse mamman carcinoma 


Squamous cell carcinoma, shin of mouse 
Papilloma, skin of mouse 


Enrymo distribution 

Scattered discretely m cytoplasm 
>> )> 

Tiaces of enzyme confined to glan- 
dulni epithelium None m sclnr- 
ious areas 

Rich m anaplastic areas, none m 
blood cysts, degenerated parts or 
connective tissue 

Rich m poorly differentiated dow r n- 
gi owing epithelium Traces m 
dei mis 

None 


Assessing these prchminni\ obsei vations, it may be concluded that (3- 
glucuromdasc is most nch in those paits of tumours where cell division is a 
prominent feature This is especially well shown m Fig 8 where a very pro- 
nounced staining is practically confined to the dow n-growing malignant epithehal 
cells of a mouse skin epithelioma induced by an injection of 3 4 benzpyrene 

As m normal tissues, suitable piepaiations show the enzyme to be confined to 
the CNtoplasm of tumom cells (Fig 9) 


DISCUSSION 

Fishman (1940) showed that the prolonged administration of menthol to 
mice caused a rise m the activdy of (3-glueuionidase m the liver, ladney and 
spleen He postulated that this enzjmie acts syntlietically, but this has not 
yet been established and other workers take tlie view that the function of the 
enzyme m tlie animal body is purely liydrolytic (L<evvy, 1947 , Karunarratnam, 
Kerr and Levvy, 1949 ) 

In a later report, Fishman and Anlyan (1947) demonstrated a high (3- 
glucuromdase content m some liuman tumours It is mterestmg to note that 
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m Table I of then communication, the activity of the cnz^mo i\ns closely cor- 
lelated with the clinical malignancy of the tumour Tor example, benign tumours 
showed a low activity, tumouis such as schmous carcinoma also low, whilst 
adenocaicmoma and medullniy cnicinomn had high cn/jmo acliutics It 
is chfficult in cancel studies to obtain the coiicsponchng normal tissue unless 
an oigan like the liver is involved, and a sciious criticism may be made of the 
nonnal tissue conti ols used by Fishman and Anl^an (1047) Whereas an oigan 
mav be a complex of tissues, only one of these is usually imohed in neoplasia 
The fact lemains, houevci , that sinking clc\ nitons of the ciuj me figures occurred 
m mahgnant tumouis compaicd with nonnal tissues or organs fioin which those 
tmnouis aiose This woik has been confirmed and extended b} Odell and Unit 
(1949) 

Iven and Jjcvvy (1047) at the same time as Fishmans woik on tumouis, 
show'ed that a use m enzyme actiuty occuncd in mouse li\cr oi kidnc\ following 
administration of toxic agents not known to fonn glucuronides, dependent on 
the site of damage The action of menthol, which was found to be a livoi and 
kidney poison could be explained on the same terms Kei i , Le\ v\ and Campbell 
(1947) found that the use m the cn/^ me activity was not detectable in the early 
stage of poisoning, as, foi example, with mercunc nitiate oi chloiofonn in the 
kidneys of the male mouse, but occuncd as soon as icpaii was lnstologicalh 
demonstiable Fuitheimoie, sub-total hepatectomy of mice, citlici b\ ligation 
or cautery, caused rapid hjpcitiophy of the icmaindei of the oigan, a great deal 
of mitotic activity and an elevation of [i-glucmonidase aclivit\ It was also 
found that the livei, spleen and kidnev of baby mice showed much highei en/\me 
levels than in adults This w r as also ti uc of ulei us (Kei i , Campbell and Ixnw \ , 
1949) 

It has been shown b}' Ciabtiee (1941) that tlicie is a moi phological difiercnce 
m the cells of Bowman’s capsule m male and female adult nuce Fschonbreni.cr 
and IVIiller (1945) demonstrated the specific toxicity of chloiofonn foi the con- 
voluted tubules of the male mouse kidney Fuitheimoie thc\ showed that the 
epithelium of Bowman’s capsule m castrated male mice tended to change to the 
female type, and that the kidneys of such mice weic no longei susceptible to 
chloroform poisoning These findings weie confirmed (Ken, Campbell and 
Lewy, 1949) and it was also shown that a use in (i-gluemomdasc occuncd in 
male kidneys subsequent to the adnumstintion of chloiofonn, but not m female 
kidneys or kidneys of castiated male mice, and the use, when demonstiable, 
was comcident with repair processes in the damaged oigan 

Further evidence for a relationslnp between cell piohfeiation and [3-glucuioni- 
dase activity appears to be piovided by Fishman and Fishman’s (1944) obsei- 
vation that the administration of oestiogens to ovancctoiru/ed mice causes 
a nse m utenne glucuronidase, then explanation being that glucuiomdosc is 
primarily concerned with the conjugation of oestiogcn A moie likely explana- 
tion would be on the basis of proliferating endometrium The effect can be 
prevented by the concunent administration of anchogen (Ken, Campbell and 
Levvy, 1949) Odell and Buit (1949) considei that the association between 
enzyme activity and proliferative activity provides the best explanation of then 
results for human cervical cancer, and those conditions chaiactenzed by an 
increased rate of cell division such as pregnancy and the piohferatmg corpus 
luteum 
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The first jiai l of the piesent papei deals with pieliminar}' findings using 
histoehenuenl methods for the localisation of (3-glucuiomdase The association 
with mitochondua is pci hups not unexpected, as it docs not seem unreasonable 
to issnmo that mam nitiacellulai en'/\mcs must be associated with these 
oig molds which in the In mg cell are m constant movement, exhibit changes of 
foim, and frequent h show a well maikcd tendency to polautjq all indicative of 
lntiaoellulai aetn it \ 

It is significant that the enzyme is confined to that pait of the kidnej’ 
paiemln ma, the cortex, which is damaged in cliloiofonn poisoning 

The e\ penmen! s with snechaiate suggested that tlie test with 8-hydroxy- 
qmnohne glmuromde at least is specific for glucmomdase It is mterestmg to 
note that the expenmonts gne unequivocal evidence of penetration of saccharic 
aud into the intact cell 'flic failinc of sacchanc acid to influence glucmomde 
sMithesis b\ sui uving lnei slices (Kaiunanatnam and Lcvi'y, 1949) thus 
pi o\ ides excellent giounds foi believing that j3-glucuiomdase is not involved m 
the s\ nt lu’sjs of giucuiomdcs m mo In the few lnstochemical observations 
made to date and dcseubed above, (3-glucuromdase appeals to be particularly 
iicli m aetn eh glowing tumouis oi paits of tumouis 

bl.MMAKV 

I'smg techniques doused In Fnedenwald and Beckei (194S) the localization 
of fi-glw uionidasc has been studied m nonnal mouse kidney and hvci, and m 
se\ oral chicken and mouse tumouis In the kidney, cn/vme activit} is piacticalty 
confined to the pioxnnal comoluted tubules m the coitex 

'flic nitiacellulai site* of 1 lie eii/unc in both liver and kidney appeals to be 
coincident with the mitochondua 

The lndrohsis of S-lndiox\ quinoline glucuronide, by fiesh frozen mouse 
kulucN sections is inhibited In 0 001 M sacchanc acid Scnal frozen sections 
of a bisected kidnoi treated in the same mannci, show' penetiation of the cells 
b\ sacchanc acid, as indicated In inhibition of lncholysis 

In unit time, the male mouse kidney shows a stiongei stammg leaction m 
these lnstochemical methods, than the concspondmg female organ Castration 
of males dmumshes this cllcct, wlicicas ovaiiectonry augments it, w'lien compared 
with the enzymatic activity of kidne\s fiom intact anunals of the like sex 
In a piclinunai> study the enz\ me activit}' is found to be high m malignant 
tumouis, and is iiiainh localized in anaplastic aieas wdieie cell division is promi- 
nent 

The icsults obtained b> a number of w r oikeis can be mtei preted m terms of 
a lelationslnp between p-glucuiomdase activity and proliferative activity 

In chemical and biochemical aspects of tlus work, the author is indebted to 
Di G A Levvy foi practical assistance and suggestions Thanks are also due 
to Mi G M MacKenzie foi technical help The British Empire Cancer Cam- 
paign defiayed all expenses 
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Ti worn Animation m the ial thyioid nuclei the influence of goitiogens has 
been attributed to the continuous stimulation of the thy iokI cells by excessive 
amounts of tlnrotiopic hormone (Griesbnch, Kennedy and Purves, 1945, 
Money tmtl Ran son 1947) Jt seemed desuable, lion ever, to exclude the possi- 
biht\ that the goitiogcme agents npait fiom causing mdnectfy the release of 
large amounts of flniot topic hormone, had a clneet caicinogemc effect on the 
lliMoul cells The induction of thyroid adenomata m the lat undei conditions 
of extieme iodine deficiencx , leading to thyiotiopic stimulation and consequent 
h\|>orplasia of the tlmoid, has been consideied to have proved the fact that 
a pin siological agent acting mtensneR foi a long time, can produce neoplastic 
cell changes It occurred to us that the method of parabiosis might provide 
a means of stimulating the tlmoid without introducing a foieign chemical 
agent or subjecting the animal to a state of thyioxme deficiency It is well 
Known that after cast i at ion of one parabiotic paitnei large amounts of gonado- 
tropic hormone released from the cassation pituitary produce marked hypei- 
jilasia ind In pel tropin of the othei partnei’s gonads The sex honnones 
produced b\ the intact pmtnci me so lapidly destroyed that the amoimts trans- 
ferred to the castrated jiartnei me msuflicicnt to inhibit this animal’s pioduction 
of gonndnt topic hormones (Zcckwci 1940) If a sinnlai situation occuiTed 
after thyroidectomy the tlnroid of the intact animal would be subjected to a 
continuous stimulation by the llmotiopic hoimone from the thyioidectomized 
partner Neccssan conditions would be (a) iapid destiuction or excretion of 
t,hvio\inc by the intact ji.irt.nci, and (h) the passage of sufficient amounts of 
tlnrotropie hoimone across the junction from the thynoidectomized animal 
Naiko and Ikonen (19.54), m inis did not find any changes m the thyroid when 
parabiosis between a nonnal and a thyioidectomized animal was performed 
This result, has been confiimcd and, in addition, changes m the pituitary and 
parathyroid aie descubed 

METHODS 

The animals used weie nils of a Wistm stiam, 6 to 10 weeks old Littei 
mates of the same sex weie joined m parabiosis, w r ith open abdominal junction, 
and three weeks latci the light partner of pans winch had shown satisfactory 
growth was thyioidectomized 

The diet fed yvas fieo of meat piotem, and has been described in a previous 
publication (Diet S3, Gi lesbach, Kennedy and Purves, 1945) The iodine content 
of this diet was low' and a number of pairs was supphed with additional iodine 
m the dunking wntei (1 gg I 2 as KI pei ml ) One pair (No 1) received no 
additional iodine , pans 6 to 11 were piovided wuth approximately 10 gg daily 

37 
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tlnoughout the experiment, and pans 2 to 5 ieccncd this supplement dining 
the first weeks, but it. was withdiaw n foi tlie last 104 da\s 

The animals wcie killed 15 to 234 days after thyioidecloini 'Fhc pitmtancs 
were fixed m sublimate foi malm, and stained according to Martin s modification 
of Mallory’s method The thyioids -were fixed in formol saline and the cell 
heights measuied as descubed by Gnesbaeh and Tunes (Iht.'l) 

RESULTS 

Groivlh 

In ten of the eleven pan--, the giowth of the thvioideclomizcd animal was 
comparable with that of the intact partner The maximum w eight leached 
by a pail ivas 444 g 

Thyroids 

The weights and mean acinai cell heights of thyioids of pairs (» to 1J it Inch 
leceived iodide thioughout the experiment ueic noimal (10 mg pci 100 g and 
7 l(x) In the group which ieccncd additional iodide during the earh pari 
of the experiment only, the weights and mean cell heights were increased 
(average 13 4 mg pei 100 g and 10 1 g) The thyroid of pair No 1 was enlarged 
(28 4 mg per 100 g ) 

Pituitanes 

(1) Thyroideetonmed paitneis (II) Acidophil cells wcie present in all 
pituitanes, but in slightly lower numbcis than m our noimal animals, which 
have an average value of 4S per cent In ten animals the number of basophil 
cells was high and typical thyioideetomy changes were piescnt One rat. 
No 5, did not have an increased number of basophils although no tlnroid could 
be found at autopsy 

(2) Intact partners (L) The pituitanes of these paitncrs showed well- 
granulated acidophil cells, the pcicentage of which was highei m the group 
receiving a continuous iodide supplement Rat 1, which icceived no additional 
iodide had a definite basophilia, Rat 2 a slight basophilia while the otheis showed 
normal figures These results aie summan/ed m Table I 

Gonads 

The two pans of female rats had normal ocstious cycles Both pnrtncis 
gave birth to normal litters 

Parathyroids 

The parathyroids of all the intact paitneis woie enlaiged Micioscopicalh , 
they showed a high activity The colls weic enlaiged, the nuclei were vcsiculai 
and poor m chromatme theio was an abundance of clear cells with eccentric 
nuclei The dark cells iveie scarce and woie found only at the ponplioiy (Fig 
I and 2) 

The blood calcium content examined m five pans was not consistently highei 
m one partner The values ranged from 7*4 to 13 1 mg pei cent No bone 
changes were found histologically 
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which had not leceived any iodide supplement, y\as enlarged and showed hyper- 
plastic epithehum The basophilia (22 0 pci cent) in this animal’s pituitaiv 
is sufficient to account foi the Ihyioid stimulation observed and is probably due 
to an iodine deficiency The low thyioMiic pioduction m this pan y\as fuilhci 
evident fiom the small pciccntage of acidophil cells in the tliyioidcctomi/ed 
partnei’s pituitary 

Pairs No 2 to 5 had been given iodide foi 4 months after thy imdectomy . 
but this had been withdiaun dunng the last W\ months The thyioid of pair 
No 5, while not enlarged, shoved mci eased acmai cell heights and had apparent 1\ 
supplied the paitnci R mth enough thyioxinc to maintain a neaih noimal 
pitiutaiy The lcmaimng three pans showed slight enlaigcmcnt of the tlmoids 
yvith activated epithehum No conclusion can be diawn fiom these experiments 
as to the source of the thyrotiopic hoimone responsible for this slight actuation 
The hoimone may be derived from the animal's own pitmtan oi transfer) ed 
from the thyroidectonn/ed paitncr This problem could be approached b\ 
paiabiotic union of a tliyioidcctomi/ed with a hyqiophy scclomi/ed animal 
Du Shane, Levine, Pfeiffer and Witscln (1035), who combined hy pophy scctomi/cd 
yvith noimal or castiated lats could not obscnc any thyrotiopic effect on the 
liypophysectoniy thyroid, and concluded that insufficient thyrotropin is trans- 
ferred through the junction The oldei experiments of Naiko and Ikonen 
(1934), and those presented m this papei, lead to the conclusion that e\en the 
large amounts of thyiotiopm icleased by 7 the thynoidectomy ])ituitar\ were not 
exerting any conspicuous action on the partnci ’s thy roid 

The enlargement of the paiathyioids was quite striking The cells appealed 
to be in a state of high activity, with a piedommancc of clear cells This para- 
thyroid enlargement and the cell changes weie obseivcd in all the intact animals 
Ansehruno, Hoffmann and Herold (1934) described changes in lat parathyroids 
following injections of antenoi pituitary extiacts The changes seen in om 
ammals resembled closely those described by these authors, and suggested 
increased activity of the glands This could be explained by the assumption 
that a parathyrotropic factoi is tiansfened fiom the pniathy’roidectonnzed 
animal The existence of a pituitary paiatliyrotiopic hoimone has been ques- 
tioned, however, by othei workers 


SUMMARY 

Thyroid-parathyroidectomy yvas earned out m one paitnei of parabiotically r 
joined rats 

The thyroids of the intact partners did not shoyy any 7 maiked stimulation 
The amount of thyrotropic hormone passing from the thynoidectomwed to the 
intact partner must therefore be negligible 

Sofne thyroxine (equivalent to about 1 ;xg DL pei 100 g pei day 7 ) y\ as tians- 
ferred from the intact to the thy 7 ioidectomi7ed paitnei 

The parathyroids yveie enlarged and consisted predominantly 7 of y\atei cleai 
cells 

Our thanks are due to Dr D C Van Dyke, Berkeley, Cal , foi his insti action 
on the technique of parabiosis, and to Mr R Malthus, B Sc , of the Nutution 
Research Department, for the calcium detemunations 
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HYPER SENSITIVITY REACTIONS 
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Fiom the Department of Bacteriology, Unnersity College Hospital 
Medical School, London , ]V C 1 

Receded for publication October 20, 10 J9 

Salicylate treatment of lheumntic fcvei is based both on clinical obsci \ ation 
and experimental woik Its palliative effect is gencralh accepted, but, in 
addition, there is a consideiable weight of cvidcnco that it ma\ arrest some 
of the pathological changes of the disease (Coburn, 1945 , Reid, 19 IS, Small, 
Wissler and Watson, 1948) Whilst the etiolog\ of ihcumatic fever is still an 
imsolved problem theie is little doubt that the vascular endothelium is imohed 
from the earhest phases and that the lesions unite comparison with those 
lesulting from antigen-antibody reactions of the hypersensitn e or allergic t\pe 
Indeed, muchiecent w r ork supports the hypothesis that hypersensitivity , follow mg 
upon infection with haemolytic streptococci, lies at the root of the rheumatic 
process Provisionally accepting this hypothesis it seemed to us that the effects 
of sahcylate therapy might depend upon mterfeicnce with In persensitiwty 
reactions and that, therefore, a study of the effects of sahcvlates on such reactions, 
experimentally induced in animals, might thiow some light upon ihcumatic 
fever pathogenesis During the course of the work Swycr (1948) published 
observations to the effect that m labbits salicylates prevent the increased capillai \ 
permeability induced by mtiacutaneous injections of histamine We therefore 
extended our investigation to include experiments until ceitam anti-histaminc 
drugs Super’s claim was readily confirmed but the expeiimcnts ie\caled 
interesting differences between the actions of these anti-histamine drugs and of 
sodium sahcylate The drugs used w r eie “ Antistm ” (2-phcnyl-bcn/vlanuno 
methyl imidazoline methane sulphonate) , “ Antlusan ” (N-dimethylanuno 

ethyl-N-p-methoxy -benzyl ammo pyndine malcate) , “Phcneigan (N-(2- 
dimethylammo-m-propyl) phenotlnazme HC1) Thiougliout this papei thet are 
referred to under their piopnetaiy names 

EXPERIMENTAL 

Sahcylate Treatment of Expenmental Animals 

Freshly prepared, Seitz filtered, aqueous solutions of sodium sahcylate, 
BP standard, were used Foi intravenous and intiapciitoneal adimmsti ation 
the solutions were made approximately 7 isotonic until 0 9 pei cent NaCl (2 5 
to 3 g per 100 ml ) but for oral admimsti ation 5 per cent to 10 pei cent solutions 
w'ere used in order to reduce the volumes lequned 

* Attached to tho department ns a membor of tho external staff of tho Medical Research Council 
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of iecovei> Fiom this lecoid the degiee of shock was assessed and the animal 
was given a shock scoie as follows 


Trivial symptoms 0 a 

Mild shock 1 

Seveic shock 2 

Veiy seveic shock with c\ cnt.ua] iccovei \ ‘I 

Death aftei moiethan 10 min 4 

Death -within 10 nun 7 


The icsults aie summaii/cd in Table JI Thc\ weie closch sunilai with 
both actively and passively scnsiti/cd guinea-pigs There was no cleai-cut 
evidence of piotection b-> salicylate tieatment, but there was a tcndcnc\ foi 
tieated animals to suimvc a little longer and to exhibit shghll\ less so\ eie m nip- 
toms than eontiols The ditfciencc appealed inlliei moie striking dining actual 
observation than the small scoie differences would suggest 


Table II — Effect of Sodium Saheylatc on Anaphylactic Shod in ( hunca-pig «. 




Xuinlxr of 

Average 

Sensitization 

Shock do«o of nntipen 

ptmion pips 

shock stort s' 



~~cT 

S C 

Active with Hoise Scrum 

f 0 01 ml mtracaidiac 
\1-Ci ml lntrapentoneal 

10 11 
() b 

3 I 4 5 

3 7 .17 

Passive with anti- bovine 

0 4-1 mg antibody N 

fi (, 

14 4 1 

albumin rabbit serum 



s = 

Sahcylato treated nrnninls 



c = 

Untreated controls 



* Shock semes — (For c'cplnnntion see 

te\t ) 



As a check upon the suitability of oui experimental technique three actnclv 
sensitized guinea-pigs weie each given 20 mg per leg Antistm intiamusculailj 
and the shock dose of hoise serum wuis inoculated intiacaidinll> 30 nun later 
None of the animals showed any sign of acute anaphylaxis, but one to three 
hours later they w r eie all mildly piostiated with niffled fui This suppoits the 
contention that although Antistm can suppress comjiletely the immediate 
manifestations of anaphylactic shock, it may fail to pie\ ent later piostiation 
which is possibly caused by factois othei than histamine (Rosenthal and Biown, 
1940 , Rose, 1947) 


Aitlius Reactions in Rabbits and Guinea-pigs 
Effect of sodium salicylate upon dnccl Aitlms leachons 

An experiment w r as made m oidei to discovei whothei nn-\ cleai effect of 
sodium sab cy late could be demonstrated undei the relatively uncoil tiollable 
conditions of the direct Artlius phenomenon m actively sensitized rabbits Six 
animals were sensitized with human seia, and, on the basis of prehnunaiy skin 
tests, weie divided into two gioups of as neaily equal sensitivity as possible 
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Table III — Affect of Sodium Salicylate on Reversed Passive Arthus Reactions 

w Rabbits 

M* nn nr< im of o< dc inn (cm') 


Six inbbits m each group 


r ■ ■ - 

Group \ 

Group U 

Combined 
A nnd D 

When salicylate ticated at 4 hi 


3 

2 3 

2 7 

24- 

5) ?} M 


3 7 

5 

3 4 

When given NaCI as Conti ols at 

4 111 

5 4 

(i 

j 8 


24 ., 

(. 0 

5 7 

6 2 


ease, for m II out of the 12 annuals the inactions dining then jicnod on sali- 
cylates were less at all stages of development than the reactions elicited dining 
their period as conti ol annuals The lcinaining animal was ill during the control 
period, which may have affected its skin leactmtx 

It \ias observed that small punctate hacmori hages occurred at the site> of 
the Arthus leactions in 10 out of the 12 labhits w hen thev weic undei sahcvlate 
treatment, but not when being ticated with NaCl "\\e aie unable to ofTei 
anj 7 explanation of this phenomenon 

Guinea-png experiment — A snrnlar expeinnent wns carried lint with guinea- 
. pigs Two groups, each of five guinea-pigs, were used altcinateh as sahcvlate 
treated and untreated animals in duplicate tests Foi snhcvlate treatment a 
total of 900 mg per kg was injected lntrapcritoncally in tlnec doses at 30 mm 
before, and 5 and 12 liouis aftei, the lntracutancous inoculation of antibodv , 
saline m corresponding volume being giv cn to the untreated group The antigen 
and antibody used were the same as in the i abbit experiment w ith dosage suitablv 
adjusted for the smallei species The antigen was given mtiacaidialh an lioui 
before the antibody Inoculation of the i abbit anti-seium into unsensitized 
gmnea-pigs was showm to produce nothing moie than a small, tiansient reaction 
Guinea-pigs have seldom been used for experiments involving the Arthus pheno- 
menon, probably because the skin leactions induced aie less supcificial and 
hence much less evident upon cursoiy examination than aie the leactions m 
rabbits It w r as indeed found impracticable to compaie i espouses bj mcasuie- 
ment of surface areas alone, but valid compansons could be based upon oedema 
volume calculated by the arbitianly adopted formula, volume = J x surface 
area x depth Five sets of measurements wei e made at internals dining the 
24-hour period of observation The results are piesented giaplncallv in the 
figure, mean oedema volumes foi the ten animals when sahcvlate tieated and 
when untreated being plotted against time The wide separation of the two 
curves throughout the udiole period of obscivation indicates the stukmg inhibi- 
tory effect of salicylate treatment upon the Arthus reaction in gumea-pigs 

The effect of anh-Jnstamwe dings on passive rcveised Aithns leactions 

The striking effect of Antistin in pi eventing acute anaphylactic shock in 
guinea-pigs led us to study the effect of this di ug upon Aithus leactions m labhits 
The procedure was identical with that employed foi the salicylate experiment 
except that the treated rabbits leceived three mtiamusculai injections of 50 mg 
Antistm during the first 12 houis, wdnlst contiol animals leceived no treatment 
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Both Antistm tml \nthisan weio aho lasted in gumea-pig cxpeiimcnts 
on groups „f ^ mid <, animals inspect i\ oh in cadi case the ielativeh very laige 
amount of (*f> mg of the ding was gnen intiamusculnil\ in three equal doses 
during the observation penod When mean oedema columes wcie plotted 
the cunes foi Antistni, though sepniate, wcie much closei togcthei than those 
< ’ho\\n m the salicylate experiment (Fig 1), whilst the cunes for Antlnsan were 
praetically xnpci imposed Thus, the lesult of the inbbit test of Antistm was 
conliimed and Anlhisan was shown to haNC piactically no effect at all tipon 
Arthus icactions m guinea-pigs 

These results arc suipming in view* of the efficacy of Antistm and the in- 
efficacy of sodium salicylates in the acute anaphylaxis experiments recorded 
above and they indicate that the action of sodium salicylate is not just a direct 
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anti-histamine effect Furthei more they suggest that, factors, oilier than hista- 
mine, aie important m the development of the Artlius phenomenon 


The Shvarlzman Reaction 

Effect of Sodium Salicylate 

The Shwaitzman phenomenon was pioduccd in lahhits as desenhed by 
Shwaitzman (1938) Berkefcld N filtiales were prepared fiom agar cultures 
of tvo strains of Bad coh fiom the National Collection of Type Cultures 
Injections of 0 25 ml of Bad col i 80 filtrate weic made at two or llnce separate 
sites into the shaved abdominal skin and 21 hours latci a dose of 0*1 ml per 
kg to 0 5 ml pei kg of the less toxic Bad coh 7(120 filtrate was injected intra- 
venously Any areas of haemonhage and oedema uluch de\ eloped were 
measured at 5 hours and 24 hours In some expel iments the tieatcd animals 
received mtrapentoneal injections of 3 pei cent sodium salic\late at a dosage of 
04 g pei kg 15 min befoie and 7* hours after the intiacutancous injections, 
and a fui tlier two doses half hour befoie and G* hours aftei the intravenous 
injection In other experiments the last tv o doses v eie omitted, sahey late being 
admmistered dunng the skin preparatory penod onh Conti ol animals received 
no treatment 

The lesults of seven such expel iments are jnesented in Table V Whilst 
there were no significant differences betveen treated and untreated groups as 


Table V — Effect of Sochvm Salicylate on the Shuartzman Reaction 


Expen 

ment 

Number 

of 

Treatment 

Arens of lmomorrlmgo (cm 1 ) 

rabbits 


r ’ 

A— 

> 

1 

2 

Salicylates in Stages 1 and 2 

0 

0 



2 

Controls 

0 64 

1 75 


2 

2 

Sahcydates in Stages 1 and 2 

0 88 

1 1 



4 

Controls 

1 1 

3 1 

1 86 1 7 

3 

2 

Salicy lates in Stage 1 

0 

0 



2 

Conti ols 

1 1 

0 4 


4* 

5 

Sahcydates m Stage 1 

0 

0 

0 0 


5 

Controls 

0 4 

0 1 

0 0 

5 

3 

Salicylates m Stage 1 

0 

0 

0 1 


3 

Controls 

2 8 

0 8 

0 8 

6 

2 

Salicylates in Stage 2 

0 

0 2 



2 

Controls 

0 1 

1 5 


7 

2 

Salicylates m Stage 2 

0 

1 2 



2 

Controls 

0 6 

3 1 



* Filtrate usod in Experiment 4 was of vory low potenej owing to Btorngo nt 4° C 
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sahcxlato mlnhits the niuciMd uipdlnrx pcimcnbilit\ associated xxith Instaimne 
skin lesions In eulx experiments we used mtiaxcnous mjedion of .A pci cent 
tixpan blue gixeii A to Hi mm hefiue intiacutancous inoculation of freshty- 
dilulcd histamine* acid phosphate and the labbits w ere dixided into salicx’late 
treated and untuhted control gioujis the diug licmg ndininistcied intraperi- 
toncallx' Ijiit<’i w c icpcatcd .Swxei’h expeinuents moiv exnctlx* by using ponta- 
mine blue as flic \jtnl dxc and using each labhit as its oxxn conti ol by testing it 
both before and aftoi sodium salicylate had been gix'en citliei intiapentoneally 
oi intiaxenously Idasnia salicylate le\ r els weio obtained on specimens obtained 
just befoie the histiunine inoculations It xvas slioxvn in pieliminaij^ experiments 
that the nccessarx* mteival of 30 to 45 mm between fiist and second teste on 
the same animal did not in itself influence the extent of “ blnemg ” at histamine 
inoculation sites All the expei iments shoxved definite reduction of extravasation 
of dye when the blood plasma contained an adequate concentration of sahcylate 
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The possibility that this action of sodium salicylate might depend upon the 
formation of an inactive salicylate-histamine complex \\ as in\ cstigatcd by testing 
a senes of salicylate-histanunc mixtures These wore made m isotonic phosphate 
buffei solution pH 7 5 and contained, pci 0 2 ml volume, 0 005 mg histamine 
acid phosphate with 1, 0 33, 0 11, 0 03, 0 01 and 0 mg sodium salicylate Each 
of foui rabbits received intracutancous inoculations of each mixtuie, and also of 
similai doses of salicylate without histamine nftci an intravenous inoculation of 
pontannne blue solution The results were extremely uniform, readings at 15, 
30 and 120 mm showing blueing at all histamine sites without any appreciable 
effect of sodium salicylate at any dose The inoculations of the salicylate doses 
without histamine caused no blueing at all 

Effect on capillary penncabihty in the Arlhv s and Shu artzmav reactions 

The vital dy'e technique was used to study the effects of sodium salicylate 
and Antlnsan upon capillary peimcabilitv at Aithus reaction sites in rabbits 
Reversed passive Aithus reactions were produced as in previous experiments 
except that a smaller dose of antibody (0 12 mg anlibodt H) was used for the 
mtracutaneous injections Tieated rabbits were gnen sodium saheydate 400 
mg per kg intraperitoncally' or Antlnsan 20 mg per kg intramuscularly at the 
same tune as the sensitizing intra\enous inoculation of antigen Additional 
control animals leceived skin inoculations of antibodt but no antigen The vital 
dye was injected intravenously 13 mm before the skin inoculations of antibody 
in the foim of 5 per cent solution of pontannne blue, 0 7 ml per leg dose Esti- 
mates of intensity' and measurements of areas of blueing were made at mten als 

The results are given m Table VI Anthisan had no appreciable effect 
although adequacy' of dose w r as proved by complete inhibition of blueing at sites 
inoculated with 0 01 mg histamine acid phosphate in the same animals This 
makes all the more interesting the striking inhibition by sahet late treatment 
In these salicylate labbits the extiavasation of dye was no more than occurred 
m the additional controls as a i esult of inoculation trauma 


Table VI — The Effect of Sodium Salicylate and of Antlnsan on Capillary 
Permeability During the Arlhus Reaction 

Degreo of “ bluoing ” at shin moculnlion sites 


Number 

of 

rabbits 


Drug troatmont 


+ 


+ 


i 


± 


4 Sodium saheydate, 400 mg 

per kg 

2 Anthisan, 20 mg pel kg +-f-+ + + + 

6 Nil +d~d'*l~'f'4"+ + ++ + d _ 

5 Nil * + + + ± 


+ + + + + + 
± 


* These additional controls received no antigen mtrn\ enouslv , lienco no Artlius reactions 
occurred at sites of antibody mjoctions Tlio slight blueing is nttnbutablo to inoculation trauma 


A preliminary experiment w'as earned out with anothci anti -histamine drug, 
Phenergan, because of a lecent leport that it is capablo of suppressing the 
development of the Shwartzman phenomenon m labbits ( Valloi v-Rndot, Halpan 
and Reber, 1948) Pheneigan is a synthetic compound derived fiom plicno- 
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inoculated locally, was used to piovokc inci cased permeability of the capillaries 
of the slan Swyei’s lcsults yseie 1 caddy confirmed by us, but oui expennienK 
lend no suppoit to Ins suggestions that snhc\lnles have anti-histamine propeiiics 
and that then anLi-ihcumatic and ant l-lnst amine actions ma\ be causalh 
lelated It is moic piobablc that sodium salicylate dnoctly affects the nails 
of the capillaries though the mode of action 1 cumins obseme 

If this is the case the continstmg bchnyiouis of sodium salicylate and the 
anti-histamine dings in the vnnous types of cxpci uncut lecorded become explic- 
able Acute anaphylactic shock m the gmnen-pig is gcneially considered to be 
due to histamine i dense at tissue sites of gient histamine sensitiut\ It is 
thus not suipnsmg that anti-lust amine dings can nffoul complete protection 
against immediate shock although the piotected animals nun show ill effects 
some time later, suggesting that factois other than histamine aie also invoked 
m the leaction Similni piotection is not to be expected fiom sodium salicylate 
which is appaicntly capable of stabilizing the thieshold of capillary peimcability 
but which, so fai as is known 1ms no direct neutinli/ing action on histamine 
In reactions of the Aitlius tape and in the Shwnit/man phenomenon the position 
is reveised , sodium salicylate exerts a piolcctne action whilst the anti-luslamine 
drugs are impotent The part played by histamine m such local In perscnsitn it \ 
reactions is obscure The slow development of eivthema, oedema and necrosis 
over a period of several hours contiasts with both the chninatic suddenness of 
anaphylactic shock and the lapid de\ elojnncnt and iapid disappearance of the 
local reactions produced by single liitiacutnneous injections of histamine The 
tissue toxin responsible, whatevei its nature may be, appeals to be eitlici foimed 
01 leleased at the reaction site continuously o\ei a piolongcd period and the 
mechamsm involves transport of leagcnts like antigens oi antibodies to the site 
via the blood stream In such circumstances capillary pci meabihtv becomes a 
most important factor, and the fact that lou r cicd peimeabihty thiesholds at the 
reaction sites aie an integial pait of the Artlius and Shwart/nmn icactions is 
easy to demonstrate dnectly r by the intia-vilam dye technique Just how and 
when the capillary change is induced ioniums unknown, though in the Shwaitz- 
man reaction it appeals to occui dm mg the fiist, oi skin picpaiatoiv stage as 
a result of the local injection of bacteiml filtiatc , hence in tins lattei leaction 
a high blood concentiation of sodium salicylate dining the first stage only is 
almost as effective as when it is maintained ovei the whole penod of leaction 
It is not possible to assess at the present time the significance of theso results 
m the major problem of the pathogenesis of lheumatic fevei They tlnow no 
light on the question of etiology, but if local hypersensitivity icactions caused by 
the interaction of streptococci, oi stieptococcal-tissuo complexes, oi auto- 
antigens, with homologous antibodies aie at the loot of some of the pathological 
changes winch charactenze the disease then the palliative effects of saheydate 
therapy become readily explicable on the basis of the stabilization of capillarv 
peimeabihty Furthermore, the necessity foi long continued dosage is obvious 
It is, of course, not suggested that this action of salicylates is then only pliaima- 
cological effect Othei actions, such as the compensated alkalosis due to the 
induced hyperpnoea demonstiated by Reid (1948), may also play' a part although 
m our experiments yve yveie unable to detect any^ significant change in tho alkali 
reserve of the plasma of labbits maintained on sodium salicylate throughout the 
periods of observation 
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SUMMARY 

Sodium salicylate m blood concentiations of the order of 50 mg per 100 ml 
confers no appicciable piotection against acute anaphylactic shock in guinea- 
pigs With the same teclimque of shock production the anti -histamine drug, 
Antistm, u as found to piotect completely against the immediate fatal effects 

In passive Artlius leactions in both guinea-pigs and rabbits, sodium salicylate 
exeits a protective action whilst the anti -histamine drugs are relatively impotent 
The same is tiuc to an even gieatei extent m the case of the Shwartzman pheno- 
menon 

This piotective effect of sodium salicylate is not a direct anti-histamine effect 
but appeals to be due to some action on the local blood capillaries The increased 
capillaiv peimeabihty winch normally occurs in such hypersensitivity reactions 
is thus pi evented 

The implications of these results m respect of rheumatic fevei are briefly 
discussed 

The expenses of the woik were defrayed fiom research giants by the Medical 
Reseal ch Council Thanks aie also due to Messrs May and Baker Ltd for a 
gift of “ Phenergan ” 
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When diffeicnt antigens aie combined to give a pol}\alcnt mixture, and the 
mixture intended for human prophylaxis, it is of pniticulnr importance to ascer- 
tain the effect of the presence of the otheis on the antigenicity of a given one 

It has been established that when some combinations of antigens arc used, 
the response to one may suffei appreciably compared with its nctiwti as an 
isolated antigen Michaehs (1004) called this phenomenon “ The competition 
of antigens,” and lus opinion has been contiimed In GJenn\ and Waddmgton 
(1926), Hektoen and Delves (1932) and others On the other hand, Tomcsik 
(1939), while studying this phenomenon, stiessed the importance of the tune 
factor, since the individual antibodi i espouses fiom a combined preparation, 
may reach then maximal values at diffeicnt times, and the duration of the 
immunity produced may also be diffeicnt In view, thcicfore of the difierent 
responses, the best time to give the second inoculations ma'v be difficult to judge 
accurately 

Reactions provoked bj combined antigens constitute an entirclv sepaiate 
problem, we have shown, m respect of combined diphthei la-scailet fever pio- 
phjdactic, that theie is a cumulative effect on lepeatcd inoculation (Faiago, 
1938) 

This communication is concerned with the lesults of studies made in icspect 
of the fust two pioblems only 


METHODS 

The diphtheria toxoid used m these expenments i\as piepaicd b\ the method 
of Holt (1948) , the punU of this matenal w r as 1,100 Lf/mg N 

The H petimms vaccine w r as pioduced in the senu-syithetic medium of 
Cohen and Wlieelei (1046) modified to give a solid medium by the addition of 
2 5 per cent agai The nuciobes domed fiom cultmcs on this medium wcie 
proved to be in Phase I 

The tetanus toxoid v r as piepaied fiom cultuic m the semi-synthetic medium 
of Muellei and MUlei (1941) The ciudc tetanus toxoid contained the eqimalent 
of 3300 gumea-pig M L D /ml of toxin This w r as punfied by the use of chaicoal, 
and repeated adsoiption onto Al(OH) 3 and dialysis The final pioduct had a 
punty of 39,000 eq MLD /mg n 

For these expemnents we used tun piepaiations (i) A suspension of // 
pertussts in a solution of tetanus and diphthoiia toxoid, and (n) an adsorbed 
combined piophylactic using Holt’s A1PO., (1947) as the mineial camci , this 
at a concentration of 7 mg A1P0 4 ml 


* Sponsoied by tho Hungarinn Scientific Council 
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Foi conhols mc used the tlnee components of the combmed piophylactic 
sepaialely, each with and w ithout the addition of the mineial earner It should 
be recoided that all these piepaiations iveie preserved b} r the addition of 1/10,000 
sodium ethyl meicun thiosahcylate, and passed the usual stenhty and mnocuity 
test'? 


Composition of the Reagents Employed 


T\pi 

“ riuid ” 
(i) 




(per ml ) 


C omblncd 

10 Lf diphtheria toxoid 
20 10° H pertussis 
100 eq M D L tetanus toxoid 
(2 LfU) 


Isolated 

(2) 10 Lf diphtheria toxoid 

(3) 20 10 e H pertussis 

(4) 100 eq M L D tetanus toxoid (2 Lf U ) 


Adsorbed 


(5) 


flO Lf diphtheria toxoid 

! 20 10° II ])crtussis 
100 cq MLD tetanus toxoid, 
7 mg AJPO* 


(0) 10 Lf diphtheria toxoid with 7 mg 
A1PO* 

(7) 20 10° H pertussis with 7 mg A1P0 4 

(8) 100 eq MLD tetanus toxoid 7 mg 

AlPOj 


Groups of five chinchilla labbits of the same breed, over 3 kg m weight, 
vere inoculated subcutaneously with 1 ml of each of the eight preparations 
detailed above , the second injections u r eie also 1 ml 

The antibody lesponses vnre determined at short intervals after inoculation, 
bv taking ear-vem bleedings, and making accuiately pooled samples of the 
sera from each group of animals The dipthena antitoxin titrations were made 
using the method of Jensen (1933) against a standard antitoxin kindly supplied 
by the Statens Serununstitut, Kobenhavn Tetanus antitoxin titrations weie 
made using a slight modification of Istiatis (193S) micromethod, and H peitussis 
agglutination titres with a heat-killed standard suspension of H pertussis, also 
checked against a standaid lmmune-seium 


RESULTS 

The results obtained from each preparation are shown graphically m Fig 
1-S 

1 In ? aspect of diphiliena toxoid, we find that the responses to plam toxoid 
(non-adsoibed 01 mixed with vaccme) v as the production of very small amounts 
of antitoxin, and tins only reached a useful level after the third injection (Fig 
4) The same amount of toxoid adsorbed onto 7 mg of A1P0 4 gave a greatly 
superior antitoxin response, in that even 21 days after one injection the serum 
titre Mas as high as after the thud usmg plam toxoid, and the titre was still 
rising 111 respect of the adsorbed toxoid (Fig 3) Even so, the best antitoxin 
responses w r eie obtained after two or three doses of the combmed prophylactic 
together with A1P0 4 (Fig 1) 

2 In 1 esped of tetanus toxoid, the results obtained were, by and large, similar 
to that using diphtheria toxoid , usmg plam toxoid, a poor response followed 
the first dose, and sluggish responses to the second and third (Fig 8) Combina- 
tion of tetanus toxoid with diphtheria toxoid and H pertussis vaccme gai e 
much bettei results (Fig 2), and also by adsorption onto A1P0 4 (Fig 7), and the 
best results usmg the combmed prophylactic with mineral earner (Fig 1) t 
may be pointed out here that the recovery from the negative phase following 
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Fig 3 — Diphtheria toxoid purified and adsorbed to AIP0 4 
0 Q’Diphtherm 
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the second injection wns not as steep as with diphthcna antitoxin, but showed 
a maiked lag befoie ascending to its peak value This phenomenon was definite 
in lespect of all tluee components using the combined preparations, and pai - 
ticulaily noticeable m icspcct of tetanus antitoxin responses, and is piolmbh 
a phenomenon dnectly icferable to the negative phase 

3 In ?espect of 11 perlvssis, no maiked difici cnees wcie obtained Aftci 
the second and thud inoculations of the plain vaccine theie occurred a lupid 
rise and deciease in agglutination title (Fig (>) In icspcct of maximum titres, 
no significant diffeionccs wcie obsencd between the results fiom eithei the 
combmed piopliylactic (Fig 1 and 2) oi with mineial earner (Fig «">), all values 
were compaiatively unifoi m Ncvei thclcss, it. will be noticed that the response 
to the AUiccme with A1PO, camei, was definitely flatten which suggests that the 
lnimiunty induced was slowei to become established, and slower to recede (Fig 
1 and 5), alternatively , the (hunt ion of antigenic stimulation nun have been 
prolonged by association w ith the camei 

Some points of interest also nine with icgaul to the negative phase Details 
of this phenomenon aie sliowm in the bottom nght-lmnd cm ncr of Fig 1-S w here 
the time scale is in hours Obsenations were made one hour before the second 
mjection, 1, 3, G, 0, 12, 10 and IS liouis aftci wauls In c\er\ r instance was theie 
a fallm cn dilating antibody corresponding to the antigen injected, although le-^ 
m degree, but nloie protiacted m the case of antigens with mineial camei 
Tins lattei may be due to the gieatei amount of nntibodv present in the animals 
before injection, and/or to a less icady fixation of the antigen by host antibody 
The most maiked decline m title followed the second injection of tetanus toxoid, 
and this persisted foi as long as twehe liouis, less pronounced in icspcct of 
diphtheria antitoxin, and only slight in the case of jiertussis agglutinins 

Certain considerations led us to dcteiminc to what extent, if any, the in- 
jection of non-specific substances had a stimulating effect on pie-existing anti- 
body responses 

For this yve employed tw r o labbits fiom each group, 75 dais aflei then- 
second inoculations, they wane injected as follows 

(i) Those winch received the A1PO, camei with then formci injections weic 
given a dose of E typh% 

(na) Those which received plain tetanus oi diphtheria toxoid, a do^e of II 
palmsis, and 

(ub) Those which leceived II peitussis vaccine alone, oi tetanus toxoid, a 
dose of plain diphtheria toxoid 

Neither the non-specific, noi the non-related teitiaiy mocula caused anv 
increase m the animals’ pre-existmg antibody 7 titles, except, to a small degree, 
following the injection of typhoid vaccine These results confiim om foimei 
observations (Faiago and Ujhelyi, 1942) 

discussion 

From the pomt of mew of the pmnaiy objective of this yvork, namely 7 to 
deternnne if one or other of the thiee antigens used dcpiessed the antigenicity 
of another when injected as a mixtuie, we have not obseived any 7 “ competition 
of antigen” phenomenon On the contraiv, w r e have cleai-cut evidence foi 
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stating that the blending of H ■pertussis raceme with plain diphtheria and 
tetanus toxoids, mcieases markedly the antitoxin lesponses to the latter antigens 

Placing oui findmgs in order of merit, the best lesults were obtained with 
the combined antigens associated with the A1PO,, carnei, followed by the simple 
linxtiue, and the isolated toxoids a very pooi third In respect of the responses , 
to the pertussis vaccine, it is to be noted that the agglutination titres obtamed 
veie substantially the same, no matter how the vaccme was inoculated 

As yet ue do not know piecisely the mechanism of the potency augmenting 
effect of the vaccine (peitussis) on toxoid antigens It may possibly belong to 
the intricate pattern of depot formation described by Farago (1935), Holt (1947 , 
1949), and Holt and Bousfield (1949) , on the other hand it may be due to other 
causes We are at present investigating the lattei possibility, and the results 
to date support the conclusions of Wagner-Sakharova (1937, 1938), Schutze 
(1940), Sauer and Tucker (1942) and Kendrick (1943) Ordmann and Grasset 
(1945) have lecently described good lesults from a combined diphthena-pertussis 
prophylactic using it foi both human immunization and animal tests 

In respect of tetanus antitoxin production, m so fai as the above experiments 
aie referable to human prophylaxis, they 7 ' would indicate that three spaced 
inoculations are advisable to ensure satisfactory immunization The use of 
labbits is perhaps to employ 1- an ammal that does not flatter antitoxin responses 
Maclean and Holt (1940), studying human material, found two doses of formol- 
toxoid without the addition of typhoid vaccme resulted in good immunity, 
and that the addition of the vaccme gave a five-fold increase m antitoxin response 
Nevertheless, we recommend a greater quantity of tetanus toxoid in the combined 
pi ophy lactic foi human immunization 

In reference to the time factor m the lesponses to these antigens, as pointed 
out by Tomcsik, theie is a very definite difference m the rates of production of 
diphtheria and tetanus antitoxms, and m agglutinins to H pertussis 

These and other differences are most marked after the second inoculations 
In respect of pertussis agglutinins, the time response curve of serum titres was 
always smooth , they reached their maximum value after the second injection 
when combined with tetanus and diphtheria toxoids, some fifteen days when 
alone or associated with the A1P0 4 earner, and twenty days when combmed and 
associated with A1P0 4 The antitoxin response to diphthena toxoid alone was 
as usual, giving a peak value ten days after the second injection, and some 
17 days when adsorbed onto A1P0 4 , but when combmed with pertussis vaccme 
and tetanus toxoid showed a curious two-stage response, one reaching a ma ximu m 
some 15 days after the second inoculation, and a second, some four times greater 
m amount, after 30 days with a flat peak Using the combined prophylactic 
associated with A1P0 4 , the response was continuously smooth to give a maxi- 
mum value at about the 20th day with a very flat peak, 12 days or more In 
respect of the tetanus antitoxin responses, except perhaps m the case of pi am 
toxoid, a two-stage response was obtamed m every case, at approximately the 
10th and 25th day after the second injection respectively The significance 
of tins phenomenon is obscure, but clearly one of importance when assessing 
potency, and m no way detracts from the value of such a combined prophylactic 
foi human immunization 

Finally, our experiments dealt with the negative phase as one likely to be 
of some importance m practical immunization The question seemed to be, 
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would tlic simultaneous inoculation of tlneo antigens i exult in an exaggerated 
01 piolonged negative phase 7 A study of the figuies detailing on i insults show 
that there is no essential diflcience using combined oi isolated antigens, except 
that in the cases of the combined antigens pins A1PO,. suue the initial nntihod\ 
titles weie l elativcly high, the lowest, titles obtained followed the use of isolated 
antigens Madsen and Jensen (1041) who also used iaiibits, anahsed earefulh 
the negative phase in icspecf of diphtheiin antitoxin and found it icqnned thiee 
days foi the height of the initial title to letuin follow mg injections of dijihtheim 
toxin This return to noimal dm nig the latent penod foi the second response 
phenomenon, would be accounted foi b\ (ileum and Bair (104')) and Holt s 
contention (1940) that antitoxin is being continuoiish pioduml m an mummi/ed 
ammal We aie of the opinion that the less pionounccd negative phase in our 
expeinnents, lepiesent a state of nflans neaiei to that obtaining m human 
niununization than that observed b\ Madsen and Jensen who used large amounts 
of toxin 


su mm \n\ 

1 The compaiative antigenicit\ of tetanus and diphthciia toxoids and 
II peilussis vaccine weie observed in combination and also adsorbed onto 
A1P0 4 gel, ■with the same antigens used alone, and adsoibed separately onto 
AIPO4 Gioups of five labbits weie used for each of the eight picpaiations, 
and the antibody titres detei nuned on pooled sei a 

2 The most effective prcpamtion was the combined mixtuic with A1PO., 
carriei, followed by the combined mixtuic without nuneial enmer The simple 
unadsorbed toxoids gave very poor lesponses 

3 Although the presence of II pertussis vaccine in the combined propliv lactic 
resulted m a gieatly enlianced antitoxin lcsponsc fiom both the tetanus and 
diphtheria toxoids, there w r as no augmentation 111 the pcitussis agglutinin title 
from any mixture 

4 As the responses to primary, secondary and teitiaiy stimuli weie closed v 
followed, the different speeds at which antitoxic and antibacterial titles dev eloped 
in the blood did not cause confusion 111 0111 reading of the results Tuning 
differences due to the use of AlPOj weie theieby also accuiatelv obsened 

5 An apparently new and as yet unexplained phenomenon is desenbed — 
a two-stage second response to tetanus toxoid, and undci ceitnm cncumstances 
to diphtheria toxoid 

6 The negative phase, following lemoculntion, was also measmed The 
immediate temporary fall 111 cn culatmg antibody was most maiked 111 the cases 
of plain toxoid, and less so vuth the AIPO4 adsoibed toxoids Tlieie w as no 
exaggeration of the negative phase as a lesult of blending the thiee antigens 

7 The findings are discussed m i elation to then possible mechanism and to 
human immunization 
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TISSUE NEUTRALIZATION OF LOUP! NO-ILL VIRUS 

D G ff EDWARD 

Fiom the Wellcome Veto man/ Bcscarch Station Fianl, Slimier 
Rcccn eel for publication Ncneinln'r 7 10 1*1 

Lsr an investigation of loupmg-ill m sheep, winch line! been inoculated 
subcutaneously with virus, it v as fiequently impossible to demonstrate urus 
in the brain after the animal had succumbed to encephalitis In view of the 
observation of Gaul (1044) that the binms of mice infected villi poliomvclitis 
contained a neutiali/ang substance which appeared to be distinct fiom anti- 
body, an examination has been made of the biains of sheep infected w ith loupmg- 
lll to asceitam vhethci failuie to isolate vnus was dependent on the presence 
of a similai neutralizing substance 

Examination of brains foi demonshable virus 

The biains of 30 sheep, in which fatal encephalitis had been induced In 
subcutaneous inoculation with loupmg-ill vims, followed tin ec days lat.ei In 
an intracerebral injection of starch (Edwwd, ]047), weie tested foi virus short lv 
aftei the animals had died or had been killed when monbund In onlv 10 
(63 per cent) of the brains could vuus be demonstrated by the intiucerebrni 
moculation of nnce In 13 of these vnus was plentiful, thcic being a 100 per 
cent mortality among the nnce inoculated with a 10 por cent suspension 
Titration of a few" of the biam suspensions shoved that the LD 50 titie reached 
10-4 8 Virus was appaientlv scanty in 6 biains because onR a few of the 
inoculated mice died In the othei 11 (37 per cent) biains no am us could be 
demonstrated 

Among the strongly positive biains the eaihest time at which the material 
was examined was the sixth day aftei inoculation with vnus, and the latest 
was the ninth day Tv r o biains obtained on the thnteenth and fifteenth daas 
were weakly positive On the othei hand, all but two of the biains found to 
be negative came from annuals w r hich succumbed betw een the tenth and sixteenth 
days The exceptions were biains fiom two sheep m one cxpeiiment which 
showed nervous signs foui days aftei inoculation and wane senouslv paralvsed 
the next day It is exceptional for loupmg-ill encephalitis to develop as soon 
as this, and, although the paialysis was typical, it is open to doubt whethei 
the deaths were specific 

Of the sheep whose brains weie examined, 0 had ncvei been vaccinated 
against louping-ill , virus w r as piesent in all except one of these bi ams The 
one negative brain was examined 14 days aftei inoculation, tho animal having 
remamed in a paralysed condition foi 4 days The othei biains were obtained 
m challenge experiments from sheep which had succumbed in spito of attempts 
to piotect them with foimalmized vaccines A fev r negative biains came fiom 
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annuals vaccmated vitli materials whose inability to piotect any of the annuals 
inoculated suggested that they contained httle or no specific antigen 

All except two of the brains found to contain vnus were from sheep which 
had succumbed 24 horns 01 less aftei the fiist signs of encephahtis had been 
noticed A higher proportion of those brains with no demonstrable virus came 
from animals winch had peisisted longer m a paralysed state No virus, however, 
could be found m 6 biams even though they weie examined 24 hours or less after 
encephahtis was fiist detected 

Neuiializing substance m injected biams 

In oidei to find out if the failure to demonstrate virus was due to the presence 
of a neutializmg substance, suspensions of the brains (10 per cent) were made, 
using as diluent m/50 phosphate buffer at pH 7 6 m 0 68 per cent saline Mixtures 
of 1 S ml of biam suspension and 0 2 ml of falling tenfold dilutions of virus, 
after standing for 3 hours at room tempeiature, were tested for virus by the 
mtraceiebral inoculation of mice Suspensions of infected mouse oi sheep 
brain provided a somce of loupmg-ill virus The LD 50 titre was determined 
and compared noth that of a similar control senes of mixtures m a 10 per cent 
suspension of normal mouse brain The presence of a neutralizing substance 
was deduced when the titre was significantly lowered by suspension in infected 
brain The result was expressed as the neutrahzation index, winch was the 
antiloganthm of the difference between the titres (expressed as the loganthms 
of the dilutions giving the 50 per cent mortality end-pomts) m the control and 
test mixtures The infected brain suspensions were tested both unheated and 
after heating at 56° C for 30 mm before adding the dilutions of virus, m order 
to destroy any living virus they already contained It was thus possible to 
demonstrate a neutralizing substance m brains, even though they ongmally 
contained living virus 

Bram suspensions from 9 of 12 sheep neutrahzed virus to a significant degree, 
the titre of virus being reduced tenfold at least (Table I) Demonstrable virus 
was present m the 3 brains with no neutralizing activity, but was absent from 5 
of those contammg the neutralizing substance One bram suspension had a 
neutralization mdex of 100 , this animal, which had not received an injection 
of vaccine, had died 7 days after inoculation, the stage of paralysis having lasted 
1 day In spite of having the largest amount of neutralizing substance the 
bram suspension contamed free virus A suspension of normal sheep bram 
did not neutralize virus 

In two experiments no neutralizing substance was found m the pooled bram 
suspension of two paralysed mice, examined 8 and 9 days after mtrapentoneal 
inoculation with loupmg-ill virus Similarly the bram of a paralysed sheep, 
killed 6 days after infection by intracerebral inoculation, did not neutralize 
virus Four suspensions, each made from the brains, spmal cords and spleens 
of 5 sheep, infected by the intracerebral route and killed 6 days later, had no 
neutralizing activity 

Tests for neutralizing activity were carried out on suspensions of spleen from 
three sheep, infected by peripheral inoculation, which had neutralizing substance 
m their brams Two of the three suspensions, after bemg heated to 56° C for 
30 nun , neutrahzed virus , before heat mg one of the positive suspensions con- 
tamed free virus, but virus was not demonstrable m the other 
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Piopcities of the neutiahzing substance 

Biam suspensions wcic cenlnfuged til MOO 1 pm m an angle cenlnfuge 
foi 2 horns and the supernatants wcic tested foi neutralizing iicti\il>, allowing 
3 houis’ contact at loom tempeiatvuc with dilutions of mi us The supernatants 
appeared to neutralize mi us to the same dcgtcc as the onginal suspension 
Neutiahzing activity was not alTectcd by filtration of a suspension tliiough a 
gradocol membrane of S00 mjx A P D Although it -withstood heating at 50° 0 
foi 30 nun , most of the ncutiah/mg substance was inactivated at 70° 0 for 
30 mm inactivation was complete at 100° C 

Senal dilutions of viius wcic inoculated mtiaceicbialli into mice which 
3 houis pieviously had recencd intrapeiitoneal injections of I ml of brain 
suspension No piotection was afToulcd by biam suspensions which exhibited 
neutiahzing activity in viho 

Attempts wcie made to sepaiatc mi us from ncutiali/mg substances In the 
centrifugation of a neulial inixtme A senes of dilutions of Mrus in suspensions 
of brain, aftei 3 hours’ contact at room temperatme. wcic centrifuged for 00 
nun in the angle centrifuge and the supernatants wcic inoculated lntinccrebralB 
into mice The end-pomt of the titration was the same as that of mixtures 
which had not been centnfugcd 

To 13 5 ml of brain suspension, 1 3 ml of an infected mouse brain suspension, 
containing 600,000 MLD of mi us, was added and the mixture was left foi 
3 horns at room tempeiature to allow combination of all the ncutiah/ing 
substance with Mrus, there being excess mi ns picsent The nuxlure was then 
heated at 56° C for 30 nun to destiov Mrus, and aftei w aids tested foi neutra- 
lizing actmty by the method alicady dcsciibcd As a control some of the 
original brain suspension without added vims was allowed to stand for 3 houis, 
similarly heated and then tested foi neutiahzing activity against dilutions of 
virus Both the test and control nnxtmcs effected the same degree of neutrali- 
zation of Mrus It appeared that heating had destioyed not onp fiee mi us 
but also the mi us vduch had combined with neutiahzing substance, thus setting 
free the neutralizing substance in a fully active foim, able to combine again 
with freshly added Mrus 

With 4 bram suspensions, which did not contain fiee demons! table xmus, it 
was possible to compaie the neutralizing activiU of materials inactivated at 
56° C with that of unheated materials , thcie was no significant diffcience 
Since the neutralizing actmty was not gicatci m the heated suspension, tlieic 
was no evidence that m the fiesh biam mi us was picsent combined with neutia- 
lizmg substance The method, houcvei, foi estimating neutiah/ing actmty 
was not sufficiently sensitive to detect the small amount of ncutiah/mg substance 
capable of being libeiated by heating if only a little combined mi us had been 
present 

These findings suggested that the neutiah/ing substance was antibody 
Although it was not possible to test the neutiahzing substance against a wide 
range of viruses and thus demonstiatc its specificity, it was shown that a biam 
suspension which neutiahzed loupmg-ill mi us did not ncutiah/c the vnus of 
lymphocytic chono -meningitis 

From 6 sheep, whose biams w r eie examined, blood samples wcic taken just 
before death and the sera w r eie tested foi neutialmng antibodies to loupmg-ill 
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.at us, using the method described by Edwaid (1948), except that buffered sahne 
,\as employed as a diluent instead of serum-broth All the sera contained 
mtibody, but the amount was not proportional to the length of time (between 
7 and 14 days) the animal had survived infection (Table I) Also there was 


Table I — Results of Testing Brains for Neutralizing Activity 


Sheep 

No 

Interval 
in days 
between 
inoculation 
and death 

Interval 
in days 
between 
onset of 
nerv ous 
signs and 
death 

Whether 

vaccinated 

Presence 
of virus 
in bram 

Neutrah- 
zation 
index of 
heated bram 
suspension 

Neutrali- 
zation 
index of 
serum 

S182 

7 

1 

Not vaccinated 


100 


S154 

11 

1 

Vaccinated 

— 

30 


S1S3 

6 

1 

Not vaccinated 

+ 

30 


49 

14 

4 

33 

— 

50 

1000 

21 

12 

1 

Vaccinated 

— 

50 

800 

S157 

17 

11 

33 

— 

10 


12 

7 

< 1 

33 

+ 

10 

30 

37 

S 

1 

33 

± 

10 

1500 

29 

10 

2 

33 

— 

10 


Si 85 

8 

1 

Not vaccinated 

F 

< 10 


16 

7 

< 1 

Vaccinated 

+ 

< 10 

300 

40 

7 

< 1 

33 

+ 

< 10 

60 


no correspondence between the neutralizing activities of the serum and of the 
bram suspensions of a particular animal Although m Table I the degrees of 
neutrahzation produced by both serum and brain suspensions are expressed as 
neutralization indexes, it must be pointed out that different techniques were 
used to estimate neutrahzation in the two materials 


DISCUSSION 

Gard (1944) described an inhibitory substance m the biams of mice, which 
had developed immunity to mouse poliomyelitis subsequent to infection Alice 
were inoculated with a stram of virus of low virulence, causing myelitis only , 
4 weeks later, when survivors were inoculated with the virulent encephalitic 
Tkeilei’s FA stram, mice which had showed paralysis proved immune After 
another 4 weeks then brains were shown to contain an inhibitory substance 
by titrating mixtuies of bram suspension with dilutions of FA virus The 
mfectivity of the mixtures was less than that of similar dilutions of virus mixed 
with sahne or normal mouse bram suspension By centrifugation the greater 
part of the inhibitory activity was found m the deposit of bram tissue If a 
mixture of virus and an inhibitory bram suspension was centrifuged m the angle 
centrifuge dissociation of virus and mhibitoi took place, and the supernatant 
had an mfectivity equal to that of the control mixture of virus and sahne The 
inhibitor was also effective in vivo , 0 5 ml of bram suspension, injected 24 hours 
before or at the tune of inoculation with virus, caused definite inhibition Gard 
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concluded that the mlnbitoiy factoi was a substance lcsiding in Hie infected 
and immune cell itself and was not antibody 

The neutralizing substance, found m the brains of slice]) infected with 
loupmg-ill, differed fiom that dcscubed bv Card , it -would appear to be identical 
with neutiahzmg antibody Although the neutiali/ing jiowei of a buuii sus- 
pension seemed to beai little relation to the level of scitun antibody, it appealed 
that the chances of dcmonstiatmg vims m the biain aftei death were reduced 
the longei the animal suivived after inoculation and the longei the penod since 
the onset of encephalitis, both factoi s which would favoui a high le\el of nnti- 
boches Piewous attempts at immunization, even though th(*\ failed to ]>rotcct 
and wane made with feebly antigenic mateiial, also made the isolation of mi us 
less likely 

It is w r ell known that antibody m the tissues can make the isolation of mi us 
impossible The findings with louping-ill m sheep show that it ma\ not be 
Xiossible to isolate vans fiom the biain. even though it is examined within 24 
hours aftei the fiist signs of encephalitis and onlv 10 dins after injection of 
vnus They therefore emphasize the difficulties which min attend the diagnosis 
of neuiotropic vnus infections by isolation of Mills fiom the biain 

summ vuv 

Loupmg-ill mius could not be deinonstiatcd in 11 out of .10 (.17 pci cent) 
brains, obtained fiom sheep winch had succumbed to loupmg-ill aftei sub- 
cutaneous inoculation w'ltli virus 

A substance, capable of neutiahzing vnus m vitro, was found m the biams 
of some sheep infected by the subcutaneous loutc It appealed to be identical 
with neutralizing antibody, and did not have the piopeities of a neutralizing 
substance, which had been descubed in the biams of mice infected with mouse 
poliomyelitis 

I wish to express my thanks to All W A Fitzgeiald foi his assistance 
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SURVEY OF PAPERS 

Herrert has studied the growth requirements of Paslcurclla pcslis in a chemically-defined 
medium He suggests tlmt hydrogen peroxide, formed under aerobic conditions, inhibits growth 
Growth is made possible by ndding reducing substances w Inch neutralize poroxido or inhibit its 
formation or by ndding hnemm winch is assumed to promote the synthesis of cntalase (p 500) 

H vi ward has shown that the activity of the complement-fixing antigen in suspensions from 
chick embrvos inoculated with herpes simplex virus is chiefly due to a “ soluble ” specific substance 
separable from the virus bv high-speed centrifugation The complement fixation technique affords 
a sensible method for detecting antibody in human sera (p 520) 

Mayer Gross and Walker find that during hypoglycnemia induced by insulin coma therapy 
there is a decrease in plasma ammo acid nitrogen ns long ns the blood glucose is below 80 mg per 
100 ml They describe experiments w Inch indicate that this effect is related to hepatic deamination 
fp 530) 

Seyitt finds that the protection of guinea pigs against the action of histamine by anti-histaimne 
drugs lias no detectable effect on experimental bums of various degrees of seventy (p 540) 

Campbell finds that the localization of intracellular P-glucuromdnse m the mouse kidney and 
fiver is coincident witfi the mitochondria Enzymic activity is high in malignant tumours and is 
mainh localized in anaplastic areas wfierc cell division is prominent (p 548) 

Griesb veil and Kennedy fiave thyroidcctomized ono pair of parabiotically -joined rats Tfie 
thyroids of tfie intact partners have shown no marked stimulation indicating that the amount of 
thyrotropic hormone passing from the thyroidcctomized to the intact partner fins been negligible 
(p 555) 

Wilson Smith and Humphrey find that sodium Baficylnto reduces the mtensity of passive 
Artfius reactions in both rabbits and guinea-pigs and of Slnvartzman reactions in rabbits but has no 
appreciable effect on acute anaphylactic shock m guinea-pigs, whereas anti-histamine drugs prevent 
acute anaphylactic shock but have little effect on the skin hypersensitivity reaebons (p 560) 

Earagu and Pusztai have followed the responses m rabbits to inoculation of combined diph- 
theria tetanuB-pertuBSiB prophylactic and the same antigens used separately The most effective 
preparabon was the combined mixture with aluminium phosphate carrier followed by tfie combined 
mixture without the mineral earner The findings are discussed in relationship to human im- 
munization (p 572) 

Edw abd has found a virus-neutralizing substance m tfie brains of sheep whiofi have sucoumbed 
to encephalitis produced by the subcutaneous inoculation of louping-ill virus The properties of 
this substance suggest that it is an antibody (p 582) 
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The anaerobic glycolysis of shoes of the parent tumour T S6157, maintained m 
the solid form, was also not affected by DNP, but a positive effect was observed 
with cells of the same tumour grown m the ascites form A suspension of free 
cells prepared from the solid tumour T S6157 showed a high glycolytic rate and 
DNP stimulated the anaerobic glycolysis provided that preferably less than 7 mg 
of dry weight of the cells were incubated with the uncoupling agent m a final 
volume of 1 6 ml bicarbonate buffer 

Table III — Effect of 2 4 -Dmitrophenol on the Aerobic and Anaetobic Glycolysis 
of No? mal and Neoplastic Tissues , 10 -4 m DNP 

Lactate production 
(micromoles) 


Anaerobic Aerobic 



Dry 

weight 

Incubation 

period 

DNP 

-A ^ 

DNP 

DNP 

> , 

DNP 

Tissue 

(mg) 

(minutes) 

absent 

present 

absent 

present 

Ehrlich ascites carcinoma 

6 S 

20 

5 6 

13 0 

4 2 

12 5 


5 2 

40 

6 5 

15 0 

4 2 

15 5 

T 86157 ascites lymphosarcoma 

6 0 

35 

7 S 

18 8 

4 6 

20 8 

3 1 

35 

4 2 

13 5 

3 0 

13 3 

T 86157 solid lymphosarcoma 

13 0 

60 

14 9 

15 6 

0 7 

14 3 

(sliced) 

6 5 

60 

8 3 

8 9 

3 6 

7 9 

T 86157 solid lymphosarcoma 

12 9 

60 

20 9 

22 3 

11 0 

20 2 

(cell prepn ) 

7 4 

60 

9 0 

11 1 

4 4 

11 2 

4 2 

60 

4 3 

7 2 

2 9 

7 7 


4 1 

60 

3 6 

5 1 

— 

— 


3 4 

60 

3 5 

6 0 

3 0 

5 8 

Strain 3' non malignant ljunpho- 

7 8 

60 

9 2 

9 0 

6 2 

11 9 

blasts from T 86157 

S 1 

60 

10 0 

10 S 

6 2 

13 0 

Strain 6 A malignant lympho 
blasts from T 86157 

5 2 

60 

8 0 

9 4 

3 3 

9 7 

4 A 

2 S 

100 

4 7 

4 7 

1 2 

4 y 

Bone marrow cells (rabbit) 

8 3 

60 

5 5 

6 5 

2 2 

7 2 

Solid tumours (slices) — „ „ 

I7V 256 mouse sarcoma 

15 3 

60 

8 9 

9 8 

4 1 

s a 

T 2S012 mouse hepatoma 

15 1 

60 

7 1 

7 7 

2 7 

5 7 

Primary rat hepatoma (hepato- 

15 9 

60 

10 2 

9 1 

6 1 

8 5 

cellular type) 

BY 252 transplanted rat hepa 

15 0 

60 

16 0 

14 3 

8 5 

19 0 

18 9 

toma (hepatocellular type) 

16 9 

60 

20 2 

22 8 

9 2 


It is seen m Table II and Table III that 10 -4 M DNP increased the anaerobic 
glycolysis from 1 5 to 3 -fold in the various expruuents with the three ascites 
tumours A nearly two-fold stimulation was observed in most cases tilth the 
S 3 A ascites tumour (Table II, Experiments 3-5) The marked stimulation of the 
anaerobic lactate production of the ascites tumour cells observed m the present 
experiments by DNP is without precedent’*' (compare Simon, 1953) In the case 

* In a recent discussion at the Ciba Foundation Symposium on the Regulation of Cell ^tetaboJicm 
(Churchill Ltd , London 1959) Gre\ die (p 12 and 255) mentioned another instance in tvhicn a 
\ nsth stimulates anaerobic gh colvsis (intact frog muscle) 
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of yeast, for instance, only a very small effect has been noted (Stiokland, 1956) 
However, m the course of preparing the present paper a publication by Clowes 
and Keltch (1954) came to our attention m which the anaerobic lactate production 
of sarcoma ISO ascites cells was reported to be stimulated 1 7-fold by dmitrocresol 
In an attempt to account for our findings the following hypothesis was proposed 
(Emmelot and Bos, 195S«) The glycolytic potential of the ascites cells might be 
so high that even under anaerobic conditions when most of the P* and ADP 
of the cells is available to the cytoplasmic glycolysis, the actual rate of the latter 
process remains below that attainable if the steady-state concentrations of P t 
and ADP were to be raised In other words, the anaerobic glycolysis was governed 
by the (slower) rate of ATP-dephosphorylation Now, DNP is known not only 
to uncouple the oxidative phosphorylations m the mitochondria but also to 
induce an active ATP-splittmg enzyme which converts ATP into ADP and 
P t (DNP activation of the latent ATPase) Activation of the ascites tumour 
mitochondrial ATPases by DNP might lead to a higher steady-state level of 
ADP and P t - in the cytoplasm and thus favour the anaerobic glycolysis The follow- 
ing experiments have been conducted m order to obtain support for this hypothesis 

Effect of DNP, KGN and methylene blue, alone or incombination, on the glycolysis 
of the 8 S A ascites carcinoma 

First, it was checked, by inhibition of the cytochrome oxidase in the presence 
of KCN, whether the conditions were really strictly anaerobic Aerobic glycolysis 
in the presence of KCN (10~ 3 m) was indeed found to be similar to the anaerobic 
glycolysis m the presence or absence of KCN (Table TV , Experiments lc, 2c 
and 4c) The effect of DNP on the aerobic and anaerobic glycolysis was also 
apparent m the presence of KCN (Experiments 2d, 4 d) According to expectation 
methylene blue only abolished the Pasteur effect (Experiments Id, le, 3e) 

Anaei obic glycolysis m homogenates of the S 3 A ascites carcinoma 

Homogenates were prepared as mentioned under Materials and Methods 
Microscopic examination showed that at the most 10 per cent of the cells had 
remained mtact Moreover, intact cells did not metabolize added fructose diphos- 
phate but the homogenates were very active in this respect 

In all the following experiments incubation was performed in the medium 
according to LePage (1948) from which fructose diphosphate was omitted The 
medium designated with the capital A contains KF (10~ 2 m) and pyruvate to 
circumvent the enolase block, whereas m medium B fluoride was absent and only 
a trace amount of pyruvate was added to prime the tnose phosphate dehydro- 
genase reaction by affording a rapid reoxidation of DPNH In both media glyco- 
lysis proceeded from glucose A trace amount of ATP was also present to prime 
the hexokmase reaction , when no ATP was added glycolysis still proceeded, 
even m medium B, at a high rate The latter result indicated that enough ATP 
was initially present to satisfy the hexokmase reaction and, thus, that ATP 
dephosphory iation was not very high The ease of obtaining a vigorous glycolysis 
with ascites cell homogenates under the above conditions stands in marked 
contrast to the situation in other homogenates (e g , from liver) m which it is 
neoessarj- to add ATP, fructose diphosphate and/or hexokmase to obtam similar 


37 
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Table IV — Effect of 2 4 -Dimtrophenol, Potassium Cyanide and Methylene Blue 
Alone or m Combination on the Glycolysis of S s A Ascites Carcinoma Cells 

DNP 10~ 4 M, KCN 10 -3 m, Methylene blue 10 -4 m 
Incubation penod Experiments 1, 2, 3 and 4 45, 30, 45 and 30 minutes , 
mg of dry weight cells 6 1, 5 4, 6 1 and 6 4, respectively 
Lactate production in pinoles 


Experiment 

No 

Addition 

Lactate production 

t A \ 

Anaerobic Aerobic 

la 

None (control) 

12 5 

9 4 

b 

DNP 

20 2 

21 3 

c 

KCN 

12 2 

11 9 

d 

M B1 

— 

11 9 

e 

KCN + M B1 

— 

11 7 

2 a 

None (control) 

7 3 

5 0 

b 

DNP 

18 9 

20 0 

c 

KCN 

— 

7 2 

d 

KCN + DNP 

— 

10 6 

3 a 

None (control) 

12 3 

7 5 

b 

DNP 

22 3 

23 9 

c 

M B1 

— 

12 1 

4a 

None (control) 

10 4 

7 1 

b 

DNP 

17 1 

16 9 

c 

KCN 

10 8 

9 9 

d 

KCN + DNP 

17 0 

17 9 


In the chain of reactions which starts with one molecule of glucose and ends 
with two molecules of lactic acid, two molecules of ATP are needed to phosphory- 
late glucose to fructose- 1,6 -diphosphate and m subsequent reactions four molecules 
of ATP are generated 2 ATP from 2 P { and 2 ADP by the tnose phosphate 
dehydrogenase system, and 2 ATP from 2 ADP and the phosphate contamed 
m 2 molecules of enolphosphopyruvate For the purpose of the present discussion 
the glycolytic reactions may be abbreviated to the following scheme, m which 
A and B denote the reactions occurring m medium A and B 

(A, B) 

Glucose + ATP > Glucose-6-P + ATP 

(A, B) 

Fructose-6-P + ATP > Fructose-di-P + ADP 

3 -P-glyceraldehyde + P, + ADP (+ DPN) j-2 P { +2 ADP -> 2 ATP 

3-P-glycerate + ATP ( +• DPNH 3 ) J 

blocked by KF 

2-P-glycerate > enolphosphopyruvate 

2 1 (B) 

(g) 

enolphospliopyruvate + ADP > enolpyruvate + ATP ] 2 ADP 2 ATP 

(A, B) 

_ (enol)pyravate (-j- DPNH 2 ) *- lactate (+ DPN) 

Glycolysis must come to a stop as soon as the available P i and ADP is converted 
to ATP It should, however, be noted that the reaction rate of the tnose phospha e 


I 2 ATP -» 2 ADP 
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dehydrogenase system decreases already befoie the P* and ADP have disappeared 
completely The ATPases which split ATP into ADP and P i and other ATP- 
consummg processes, are thus important m conditioning the rate of glycolysis 
If these activities are very low, glycolysis will proceed sluggishly and soon stop 
On the other hand, if ATP dephosphorylation is very high the kinases become 
deprived of ATP and glycolysis will stop also Such a situation was encountered 
by Meyerhof and Wilson (1949) in homogenates of certam solid tumours Since 
the kinases and the ATPases compete for ATP, the relative activity of these 
enzymes mil govern the glycolytic rate It appeared that the hexokmase was very 



10 20 30 40 50 60 
MINUTES OF INCUBATION 

Fh, 1 The effect of 2 4 dirutrophenol on the anaerobic glycolysis of a S 3 A ascites carcinoma 
cell homogenate 

Homogenate corresponding with 6 7 mg of dry weight cells lO" 4 h I)NP added as 
indicated Medium A and B compare text L and P< denote /imoles lactate produced and 
/imoles inorganic phosphate taken up ( — ), respectively 3 9 nmoles P< were present 
at the start * a 


active in homogenates of the S 3 A ascites carcinoma and that ATP dephosphory- 
WaS I n '? t ver y h] S h I* follows then that in medium A, which contains the 
Aiiase inhibitor fluonde, anaerobic glycolysis will proceed more slowly than m 
he absence of the inhibitor (medium B) This was always found to be the case 
roin Pig 1, which represents one of these experiments, it can be seen that the 
anaerobic glycolysis m medium A began to slow down after 20-30 minutes and 
came to a stop after 50 minutes, whereas m medium B glycolysis still contmued 
unhampered Measurement of the inorganic phosphate showed that in medium 
A the concentration of P f had dropped to a low value (0 2 //mole P, left from the 
3 9 initially present) whereas m medium B, m spite of the higher lactateprodulon! 
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pyruvate participates because fluoride blocks the enolase reaction and no enol- 
phospbopyruvate can be formed ADP was mdeed found to have little effect 
on the rate of the anaerobic glycolysis m medium A regardless of the P i concentra- 
tion (Table V , Experiments lc-e, 2c-e, 6 b-d, 6 a-c) 

It appeared that the rate of the anaerobic glycolysis could also be enhanced 
m medium B by addition of P t (Table V , Experiments 3o~c, 4a— 6, 6 e-f), though, 
as might be expected, to a smaller extent than in medium A The glycolysis might 
be more dependent upon ADP m the absence than m the presence of fluoride, 
since m the former case the conversion of enolphosphopyruvate to enolpyruvate 
requires ADP The stimulatory effect of ADP m medium B was consistently 
observed, not only at high but also at low P t concentrations (Table V , Experi- 
ments 3c-e, 46-c, 6/-J1 and 6 e-g, respectively ) 

Effect of 2 4- dim trop hen o l on the anaerobic glycolysis of 8 3 A ascites cell homogenates 
Pig 1 and Table V show that the anaerobic glycolysis could also be stimulated 
by adding DNP (10 -4 m), instead of P £ and ADP, to the homogenates meubated 
m medium A or B (Table V, in the presence of KE Experiments la-6, 2a~b , 
m the absence of KP Experiments 3a-6, 5a-6) The enhanced lactate production 
m the presence of DNP was always accompanied by a dimmished uptake of P, 
It may be concluded that, as a result of the DNP -activation of the ATPases, the 
higher P £ or P £ plus ADP concentration (medium A and B, respectively) allowed 
a more active glycolysis If so, DNP should be without effect when extra P t 
(and ADP) is added to the media This was actually found to be so as shown in 
column 8 of Table V (Experiments 1, 2, 3 and 5) , that the anaerobic glycolysis 
in medium A was only dependent upon the P £ concentration but in medium B 
also upon the ADP concentration, is shown by the fact that in the former medium 
DNP had no effect when the P t concentration was raised (Experiments 1 c-d, 
2 c-d) whereas under similar conditions DNP still activated the glycolysis in 
medium B (Experiments 3 c~d and similar results), but only to a small extent 
when extra ADP was added (Experiments 3 e-/, 5 z~d) 


Table VI 


-Effect of DNP on ATP-dephosphorylation by Intact S Z A Ascites 
Carcinoma Cells 



Conditions 

Emmelot et al 

(1959) 





lie P released after 

Dn weight 

Temperature 



(minutes) 

of cells 

of 

DNP 


^ . 

(mg ) 

incubation 

(10-‘ M) 

5 

10 20 

3 6 

27° 

— 

4 

10 27 



+ 

9 

15 28 

5 8 

27° 

— 

15 

20 30 



+ 

21 

30 40 

3 8 

37° 

— 

14 

25 45 



+ 

21 

35 58 


Effect of 2 4-dmitrophenol on ATP dephosphorylation by homogenates and mito- 
cnondria of the S 3 A ascites carcinoma 

It has been shown previously (Emmelot et al , 1959 ) by measurement of the P 
release from added ATP that DNP actually increases the ATP-dephosphorylation 
y 16 ascites cel1 homogenates and mitochondria isolated therefrom, both at 
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27° and 37° C In the case of the homogenates, the enhancement of the phosphate 
release was not due to an effect mediated by the small amount of intact cells 
which were still present Intact cells incubated m the presence or absence of 
DNP at 27° and 37° C did not release any phosphate, but did so in the presence 
of ATP The latter dephosphorylation was but slightly enhanced by DNP (Table 
VI) It has been reported (Acs, Ostrowski and Straub, 1954) that ascites cells 
contain an ATPase located at the outer membrane If one assumes that ATP 
is unable to penetrate into the mtact cells, the present results suggest that the 
extracellular -bound ATPase is but little activated by DNP 

Table VII — Effect of Stilboestrol and Thyroxine on the A TP -dephosphor ylatt on 
by Mouse Inver Mitochondria and S 3 A Ascites Tumour Homogenate at 37° C’ 

Stilboestrol 5 X 10 -5 m, thyioxme7 5 X 10 ~ 5 m Mitochondria correspond- 
ing with 25 mg wet weight of mouse liver, ascites homogenate corresponding 
with 3 mg dry weight of cells 

/ig P released after 
(minutes) 


Enzyme source 

Addition 

( 

0 

10 

1 

20 

Li\ er mitochondria 

. 

22 

30 

35 


Stilboestrol 

41 

02 

105 


Thyi ovine 

30 

SO 

93 

Ascites tumour homogenato 



25 

42 

00 

Stilboestrol 

35 

82 

132 


Thyroxine 

32 

73 

lou 


Table VIII — Effect of Stilboestrol on the Glycolysis of Intact and 
Homogenized' Ascites Tumoui Cells 


Incubation during 45-60 minutes at 37° G 

Lactate production 
(micromoles) 

— A — ** v 

Preparation 

Addition 

Anaerobic Aerobic 

Intact cells (8 2 mg ) 

Stilboestrol 

16 8 10 9 

17 8 1C 7 

Intact cells (6 1 mg ) 

Stilboestrol 

10 5 

16 5 

Homogenate (9 0 mg , modium B) 

Stilboestrol 

13 9 

19 4 


Effect of Stilboesti ol and Thyroxine on Glycolysis and ATP dephosphoi ylaiion of 
intact S Z A ascites cells and homogenates 
Stilboestrol and thyroxine had no effect on the latent ATPase activity 
mouse liver mitochondria when incubation was earned out at 27 0 
at 37° C a marked stimulation of the ATPases of mitochondria and asci s c 
homogenates was observed (Table VII) (The activation of rat liver mitoc on r 
ATPase by thyroxine at 37° C has also been observed by Maley an 0 8 . 

(1957) ) The Pasteur effect was completely abolished by stilboestrol (5 X 1 
m all experiments (Table VIII) The anaerobic glycolysis of the ascites cens 
v as enhanced (1 5-1 8-fold) by stdboestrol only in a number of expenmen wi 
the smaller amounts of cells In homogenates a rise of 1 4-1 5-fold m the anaero 
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glycolysis was noted m the presence of stilboestrol The oestrogen inhibited the 
oxidation of the ascites cells by approximately 30 pei cent ni the present experi- 
ments (Shacter, 1956 , Emmelot and Bos, 19586) 

The observations of Barker and Lewis (1956) that thyioxme may enhance the 
aerobic and anaerobic glycolysis of the Ehrlich ascites carcinoma lias been con- 
firmed in the present experiments noth the S 3 A ascites carcmoma The results 
were, however, irregular, probably as a result of the decreased solubility of the 
hormone after slight pH changes of the medium 


Effect of 2 4 -dmitrophenol on the mcoi poration of [l— li C]leucme into S 3 d ascites 
cm exnoma pi otem under aerobic and anaerobic conditions 
If DNP activates the ATPases of the mitochondria of intact ascites tumour 
cells, it may be expected that the steady-state concentration of glycolytic ATP 
is lower m the presence of DNP than in its absence This lowered ATP concentra- 
tion did not mhibit the hexo- and frucfcokmase reactions, but might have an 
effect upon ATP-dependent synthetic processes such as ammo acid mcorporation 
into protems The following experiments (Table IX) show this to be the case 
The incorporation of [1— 14 C]leucme into the proteins of the ascites cells was of 
the same order in the presence or absence of glucose under aerobic conditions 
Mitochondrial ATP, generated by the endogenous respiration, could thus com- 
pletely satisfy the energy requirements of the ammo acid mcorporation processes 
(compare Emmelot and van Vais, 1957) Addition of DNP inhibited leucme 
mcorporation, while addition of glucose counteracted the latter inhibition but 
could not lestore the rate of mcorporation reached in the absence of DNP Incor- 
poration of leucme under anaerobic conditions was dependent upon the presence 
of glucose (glycolytic ATP) With glucose present, addition of 10~ 4 m DNP 
consistently resulted in an inhibition of about 50 per cent of the anaerobic ammo 
acid incorporation Similar results were obtained with [l- 14 C]leucme added m 
the range of 0 3-1 0 //mole 

It is of interest to compare the present results with those obtained with the 
Ehrlich ascites carcmoma Smce the anaerobic glycolysis of the Ehrlich ascites 
carcmoma was stimulated by DNP m our experiments (Table III), the ammo 
acid incorporation into the protein of these cells should be depressed under the 
latter conditions It has actually been reported that DNP, under anaerobic 
conditions and m the presence of glucose, inhibited the ammo acid incorporation 
into the latter cells by 30 per cent (Rabmowitz, Olson and Greenberg, 1955) 
However, Bickis, Greaser, Quastel and Seholefield (1957) observed only a slight 
inhibitory effect The latter result might have been due to the “ quality ” of 
their cells , cells which are not m an optimal condition (eg as a result of repeated 
waslungs) might already show activated ATPases 

Our hypothesis demands that in those cases m which DNP does not enhance 
the anaerobio glycolysis, the ammo acid mcorporation under anaerobic conditions 
in the presence of glucose should not be affected either This was found to be so 
m experiments carried out with slices of the mouse sarcoma UV 256 (Table IX 
Experiment 6) ' ’ 




The present results furnish strong evidence for the supposition that the anaero- 
ic g \ colysis of ascites tumour cells may be raised by activation of the intracel- 
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lular, probably mitochondrial, ATPases The ascites cells apparently possess an 
enormous capacity to glycolyse, which under normal conditions cannot be attamed 
anaerobically as a result of the relatively slow ATP-dephosphorylation From 
the experiments on leucine incorporation and those conducted with the homo- 
genates it is concluded that under anaerobic conditions the ATP-tumover increased 
and its steady-state concentration decreased when DNP was present 

Table IX — Effect of 2 4c-Dmitrophenol on the Incorporation of [1— 14 C] Leucine 
into the Proteins of the S s A Ascites Carcinoma under Aerobic and Anaerobic 
Conditions in the Presence and Absence of Glucose 

Incubation in Krebs-Ringerphosphate(*) or bicarbonate(**) buffer aerobic- 
ally and anaerobically (gas phase 100% O2 and 100% N 2 , 95% 0 2 + 

5% C0 2 and 95% N 2 + 5% C0 2 , respectively), DL-[l- 14 C]-leucme (0 28 
/xmoles containing 0 33 pc) 

Experiments 1, 2 300 mg wet weight of cells m 5 ml 0 02 M phosphate 

buffer, 6 mg glucose, 60 minutes 

Experiments 3, 4 200 mg wet weight of cells in 5 ml 0 02 M phosphate 

(or HCO3) buffer, 3 mg glucose, 30 min utes 
Experiment 5 200 mg wet weight of cells m 6 ml 0 03 M phosphate 

(or HC0 3 ) buffer, 6 mg glucose, 30 minutes 
Experiment 6 300 mg wet weight of shoes of sarcoma UV 256 m 3 ml 

buffer, 3 mg glucose, 30 minutes 

Protein specific activity 
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Anaerobic 

^ 

Aerobic 




incubation 

incubation 

Experiment 
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~ ' 1 
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No 

Glucose 

DNP 

(•) 

(**) 
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(**) 
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84 


870 
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5 10 - 5 

31 


445 
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14 


206 
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907 
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5 10 - 5 

497 
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10- 4 

339 


421 


3, 4 

__ 


40 

74 




— 

10 -* 

10 

16 




+ 


688 

812 




+ 

10- 4 

260 

427 



5 



46 

81 

629 

715 



10- 4 

20 


106 

124 
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639 

869 

676 

708 
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10- 4 

320 

428 

316 

371 

65 




35 






10- 4 


35 




+ 



314 




4* 

10- 4 


322 




§ Experiment carried out with shoes of the mouse sarcoma UV 25G 

In bone marrow cells, non-malignant and malignant lymphoblasts and slices 
of sobd tumours no effect of DNP on the anaerobic glycolysis could be e 
strated A variety of reasons may be responsible for this lack of errec 
glycolytic capacity may be smaller and the relative rate of ATP-dephosphop a 1 
may be higher m the latter cells and tissues than in the ascites cells Fur lerm 
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the rate of penetration of glucose may limit the glycolysis In the case of tissue 
slices mechanical factors may be involved Smce the entrance of glucose may 
occur by an active transport mechanism, the number and the specific activity 
of the active sites in the cell membrane may also be of importance 

It has been shown that glucose penetrates into ascites tumour cells very 
rapidly and that the rate of glycolysis is not governed by the rate of glucose 
entrance (Crane, Field and Con, 1957 , Con, 1956) The generally Ingh glycolysis 
of ascites as well as of solid tumour cells may be due to this phenomenon, the 
relative differences between the two types being dependent on the unicellular or 
multicellular organisation (Hechter, 1957, Bloch-Frankenthal and Weinhouse, 1957) 
It has been suggested (Lynen, 1958) that glucose uptake is dependent upon 
glycolytic ATP The decreased aerobic glucose phosphorylation has been explained 
(Chance and Hess, 1956 , Lynen, 1958) by assuming that the ATP which is 
generated under aeiobic conditions m the mitochondria is retained and does not 
readily equilibrate with the cytoplasm As a result the hexo- and fructokmase 
of the glycolytic pathway should be inhibited as compared with the situation 
under anaerobic conditions or under aerobic conditions with DNP present, m 
which more ATP is formed m the cytoplasm However, the finding that the anaero- 
bic glycolysis of the ascites cells can be markedly stimulated by increasing the 
dephosphorylation of glycolytic ATP, indicates that neither the uptake of glucose 
nor its phosphorylation is impaired by decreasing the steady-state concentration 
of glycolytic ATP of ascites tumour cells under anaerobic conditions 


SUMMARY 


1 The effect of DNP on the aerobic and anaerobic glycolysis of ascites tumour 
cells, tumour slices and several types of normal and malignant cell suspensions 
has been studied 

DNP abolished the Pasteur effect in all cases The anaerobic glycolysis of 
the Ehrlich and S 3 A ascites carcinomas and the T 86157 ascites lymphosarcoma 
was found to be stimulated by DNP (10~ 4 m) about 2-fold m general, but higher 
increases were also observed occasionally No effeot of DNP on the anaerobic 
glycolysis of tumour shoes (including the solid T 86157 lymphosarcoma), (non-) 
malignant lymphoblasts (derived from T 86157 by subculture vn vitro) and bone 
marrow cells was observed The anaerobic glycolysis of cell suspensions prepared 
from the solid T 86157 lymphosarcoma was enhanced by DNP under certain 
conditions 


2 The anaerobic glycolysis of homogenates prepared from the S 3 A ascites 
carcmoma was markedly dependent upon the concentration of P t or P< plus 
ADP , depending on the experimental conditions A significant rise m the anaerobic 
lactate production and a drop in the P, uptake by the homogenates m the presence 
of DNP was observed DNP exerted no effect when the concentration of P 
(and ADP) in the medium was raised * 


3 DNP stimulated ATP-dephosphorylation by homogenates and isolated 
both t > ^” a d $~°C SWteS tUm ° Ur ce} * 8 ’ but not of mtact ascites tumour cells, 

4 Stilboestrol had a similar, though smaller, effect as DNP 

nftL^YT^ (AT ^ denVed fr ° m the Oogenous (fatty acid) oxidation 
of the ascites tumour cells was equivalent to that derived from aerobic elvcolvsis 

phis glucose oxidation, or from the anaerobic glycolysis, in sustaining ammo 
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acid incorporation mto the protems of the ascites cells DNP mhibited amino 
acid mcorporation mto the protem of the S 3 A ascites carcmoma mider anaerobic 
conditions in the presence of glucose 

6 It is concluded that under anaerobic conditions, when nearly all the P t - 
and ADP is available to the cytoplasmic glycolysis, the rate of glycolytic-ATP 
generation by the ascites tumour cells is higher than the rate of ATP-dephosphory- 
lation , as a result the anaerobic glycolysis operates below its potential capacity 
In the presence of DNP the mitochondrial ATPases are activated and the higher 
steady-state concentrations of P % and ADP, resulting from the splitting of glyco- 
lytic ATP by the activated mitochondrial ATPases, allow glycolysis to proceed 
at a higher rate than m the absence of DNP However, smce the increased ATP 
turnover m the presence of DNP induces a fall m the steady-state concentration 
of ATP, ATP-dependent anabolic processes of the ascites tumour cells, such as 
ammo acid mcorporation, are inhibited under anaerobic conditions m the presence 
of glucose and DNP 

Our sincere thanks are due to Dr W C de Bruyn and Mr Ch Homburg 
of the Department of Experimental Cytology of this Institute for providing us 
with the in vitio cultured lymphoblasts 
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Attempts are being made to investigate whether proteolytic enzymes, possibly 
liberated from the tumour cells, are implicated m the observed extracellular 
proteolysis of fibrous host proteins at the periphery of malignant tumours (Sylvan, 
1945 and 1954 , Sylvan and Malmgren, 1957) The sohd mouse tumour materials 
did not, until very recently, allow separate sampling of the extracellular fliud 
for enzymic assays Therefore, the ascites tumour material was chosen since m 
this case an extracellular fluid compartment could easily be sampled The present 
line of approach is supported by some recent evidence that malignant cells in 
general are more permeable than normal non-mahgnant cells m the sense that 
cytoplasmic proteins and enzymes are more freely passmg out of the cell membranes 
The particular physiological conditions and states of adaptation favouring such 
a liberation are not yet understood 

This report summarizes senal data on the total “ over-all ” dipeptidase and 
acid proteinase activities of (a) the ascites tumour cells, (6) the cell-free ascites 
fliud, and (c) the corresponding blood plasma activity levels in the same tumour- 
bearing mice The particular acid proteinases of normal blood plasma active in 
the pH range 2 to 6 have been tentatively characterized as belonging to the 
pepsm and cathepsm groups (Mirsky et al , 1952) The changes m plasma dipep- 
tidase and acid protemase activities m the course of ascites tumours have been 
described (Ottoson and Sylven, 1959) The present results are, however, bur- 
dened by several limitations restricting our conclusions In view of the trans- 
port problems involved, the expected more or less non-specific host reactions, 
and the dilution effects m the different compartments, more direct evidence is 
needed as to the basic permeability problems of the tumour cells referred to 
above 


PREVIOUS DATA ON THE PERTINENT ENZYMIC ACTIVITIES 


Blood serum and plasma — It is well known that normal plasma contains a 
considerable pool of various peptidases active against commonly tested di- and 
tripeptides (Grassmann and Heyde, 1929 , Fruton, 1946 , Fleisher and Butt 
1953) 


The dipeptidase activity of mouse plasma against alanylglycme (AG) undergoes 
a continuous increase m the course of ascites tumour growth (Ottoson and Sylven 
1959) An endopeptidase activity m rabbit serum against benzoylglycmeamide 
at pH 5 4 was further described by Fruton (1946) In addition, normal mouse 
plasma contains at least two types of protemases with activity optima against 

* Present address Research Institute of National Defence, Sundbj berg 4, Sw eden 
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urea-denatured haemaglobm at pH 3 5 and 4 5 (Fig 3) These proteinase activities 
undergo characteristic changes in the course of ascites tumour growth (Ottoson 
and Sylvan, 1959) 

The total dipeptidase activity referred to above is of a moderate magnitude 
in mouse plasma (about 0 2 /d 0 1 m NaOH per jul plasma per hour), while 
the proteinase activities at pH 3 5 and 4 5 are high (extinctions about 0 15 per 
//l per 90 minutes at 37°) as compared with those of human plasma The cellular 
sources of these enzymes are not known m detail It seems likely that the pro- 
teinase activity at pH 3 5 is due to pepsmogen (activated) from the stomach 
mucosa (Mirsky ef al , 1952) 

Lymph — Lymph enzymes in general present lower concentrations per volume 
than blood plasma (Yoffey and Courtice, 1956) The concentration of enzymes 
is said to run largely parallel with the concentration of proteins m the larger 
lymph trunks so far investigated A trypsin-like proteinase in thoracic duct 
lymph of the dog was described by Osato (1921), and a dipeptidase in rabbit leg 
lymph by Ishmo (1935/38) The enzymic content of the smaller efferent lymph 
channels is not known , however, according to Doyle (1955), lymph from the 
appendix has a slightly higher peptidase level than blood plasma No data on 
the content of acid proteinases are available 

Interstitial tissue fluid — Little is known of the enzymal activities m the 
interstitial fluid of normal tissues The concentrations are expected to be of a 
similar Older of magnitude as that m lymph An anunopeptidase activity has 
been observed by histochemical methods in the oedema fluid of skin disorders 
m man (Braun-Falco, 1957), and also at the periphery of several malignant 
tumours (Burstone, 1956) A proteinase activity was long ago postulated to 
occur m the extracellular fluid of healmg wounds explauung the removal of pre- 
formed fibrous proteins It is not known, however, whether these activities 
are due to cell damages or if they occur also under normal m vivo conditions 
It was cursorily mentioned by Libenson and Jena (1957) that the cell-free tissue 
fluid within certain transplanted human tumours con tamed a greater pioteo y ic 
activity at pH 4 than the normal subcutaneous tissue fluid distant from the tumour 
site Quantitative assays of the peptidase and eatheptic activities of ie i ex ra 
cellular fluid taken m mvo from various sohd mouse tumour transplants ( y v n, 
unpublished) distinctly indicate that these activities per unit volume are con 
siderably higher than the levels observed in normal lymph and plasma 

Preliminary data on the normal peritoneal fluid collected by capi ary c 
mques from the intact peritoneal cavity of the same stram of mbre mice, 
used m this report, are bemg collected Samples pooled from a large mun er 
mice showed a rather high total dipeptidase figure (about 4 times the correspo 
mg plasma activity) The pH 3 5 and 4 5 proteinase activities agams u 
denatured haemoglobin were of the same order as those of the correspon 
blood plasma The relative activities are for comparison included m ig ' 

Ascites tvmoui fluid — The dipeptidase activity m the fluid of mouse as 
tumours was reported to be low (Malmgren, Sylven and Bevesz, ) 

presence of a carboxypeptidase inhibitor in the fluid was demonstra e y 

stem and Ballm (1953), and later on also noted against the AG peptidase y 
gren, Sylven and Revdsz (1955) With reference to the proteinase _ac 1V ? , 

ascites tumour fluid little is known Spontaneous hydrolysis (pH u 
of the inherent proteins did not occur during two hours’ incubation time acc 
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to Christensen and Biggs (1952) , this possibly excludes the presence of marked 
tryptic activities Malmgren, Sylven and Bevesz (1955) cursorily mentioned that 
a low proteinase activity was noted against mtrocasem and edestin at pH 5 3 
and 3 8, respectively The method used at that time was rather insensitive and 
therefore no significant changes m the protemase activity were noted m the course 
of the ascites tumour growth More data are available on the presence of other 
hydrolytic and glycolytic enzymes m the ascites fluid (Warburg and Christian 
1943 , Kun, Talalay and Williams-Ashman, 1951 , Schade, 1953 , WuandRacker, 
1958 , Bosch, 1958) 

Ascites tumour cdls — The peptidase activities agamst four tested dipeptides 
and one tnpeptide have been described m homogenates from three different 
ascites tumour cell strains (Malmgren, Sylv&i and Revesz, 1955) Serial data on 
the tumour cells at different times after inoculation indicated that the dipeptidase 
activity was proportional to the protein content of the cells During the same 
time the average catheptic activity per tumour cell at pH 3 8 agamst acid- 
denatured haemoglobin remamed low and fairly constant A more detailed study 
of the cellular protemases of tumours was recently published (Sylvan and Malm- 
gren, 1957) The present report supplements previous ascites tumour data men- 
tioned above 

MATERIALS AND METHODS 


Mice — Male backcross mice were used, produced by mating males of the DBA 
stram with (C3H x DBA)F X hybrid females The animals were 3 to 4 months 
old and weighed 1 6-22 g They were given a standard compressed diet and drinking 
water ad libitum 


Tumour strain — The hyperdiploid Ehrlich ascites tumour was employed, 
referred to as ELD (Bayreuther, 1952 , Hauschka ef al , 1957) The tumour has 
been maintained by weekly serial ascitic transfers m DBA x (DBA x C3H) 
backcross mice The transfers were earned out routinely by injecting 0 1 ml of 
the undiluted ascitic fluid mtrapentoneally 

Measurement of ascites tumour giowth — The total volume of pentoneal fluid 
and the total number of tumour cells was measured by determi ning the dilution 
of an mtrapentoneally mjected dye (bromosulphthalem), together with total 
and differential cell counting and determination of the packed cell volume The 
details of tins procedure have been described by R4v6sz and Klein (1954) 

Sampling — Each experiment was performed with ascites fluid and cells 
pooled from three identically treated mice m such a way that each mouse contri- 
buted an equal volume of ascites fluid and an equal number of cells Pooled 


material was used m order to avoid most of the individual variations The ascites 
fluid and cells was taken out m 35 per cent sodium citrate to 1/5 of the total 
sample volume The fluid and the cells were separated before pooling by centri- 
fugation for 10 minutes at about 600-800 x g The first supernatant was further 
centrifuged for 10 minutes at about 6000 x g m order to remove all cell debris. 
Some fluid samples were carefully controlled under the phase-contrast micro- 
scope and no cell elements remamed After pooling, the supernatants were diluted 
2 to 5 tunes with a 0 05 per cent aqueous solution of sodium deoxycholate according 
to our standard procedure (Sylven and Malmgren, 1957) ^ 

The cells vere washed twice m saline and then resuspended in twice their 
volume of saline After countmg the number of cells in each sample they were 
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pooled as described above The pooled cell suspension was homogenized for 15 
minutes under cooling Sodium deoxycholate was added to obtam a suitable 
concentration and the mixture was left to extract for one hour at room temperature 
A cell concentration corresponding to 80 X 10 6 per ml was used for the proteinase 
assays and 2 to 4 x 10 6 per ml for the dipeptidase tests 

The average ascites cell volume of the packed cells has been 25 per cent of the 
total ascites volume This figure has been used for the calculation of the fluid 
content obtained by centrifugation 

Enzymic assays — The dipeptidase assays by titration according to the modi- 
fication of the Linderstrom-Lang and Holter method have been described by 
Sylven and Malmgren (1957) Since the ascites peptidases may be activated by 
magnesium ions, MgS0 4 has been added to a final concentration of 0 006 m 
T he proteinase determinations usmg urea-denatured bovine haemaglobm as 
a substrate have been made according to Ottoson and Sylvdn (1959) All samples 
have been assayed both with and without the addition of cysteine to a final con- 
centration of 0 003 M 

Since the enzymic activity data of the fluid compartments are disoussed as 
matters of transport equilibria all results are primarily given per /d fluid 

Protein determination — The protein contents have been assayed m triplicate 
tests with a micro -Kjeldahl method The standard deviation among tests per- 
formed on the same material was of the order of 3 per cent and the error of the 
mean of the three tests was of the order of 2 per cent 

RESULTS 

The multiplication of the ELD ascites tumour cells was determined m two 
separate experiments each comprising 30 mice inoculated with 20 x 10 6 tumour 
cells At daily intervals, two mice were killed and the geometric mean was calcu- 
lated for each lot of total cell numbers, cell concentrations per ml ascitic fluid, 
and amount of cell-free ascitic fluid (four individual determinations from two 
separate experiments) Some data of this senes have been published earlier 
(Hauschka et al , 1957) 

Fig 1 a shows the increase in total number and concentration of free tumour 
cells m the ascitic fluid during 12 days of growth after inoculation The growt 
of the ELD cells is characterized by a continuously increasing generation time 
The decrease in the growth rate proceeds smoothly and the number of free tumour 
cells contmues to mcrease until a total number of about 10 9 cells is reached ie 
concentration of the tumour cells per ml fluid remains largely constant during 
the major part of the growth cycle and shows only a moderate random varia ion 
around a value of about 200 x 10 G cells per ml ascites Fig 1b shows the mcrease 
m the amount of the cell-free ascitic fluid Since the mean volume of the 
cells has been found to be fairly constant (about 1360 cubic fi) due to the cons aney 
of the cell concentration, the mcrease in the amount of the cell-free ascitic ui 
is directly proportional to the mcrease of the total number of tumour cells 

The previously reported mcrease in the average amount of protein per ce , 
as observed m the ELD and Krebs 2 ascites tumours (Malmgren, Sy veil an 
Revdsz, 1955), was corroborated also m this senes of the ELD strain. The pro® 
figure rose from an average of 1 4 yg per 10,000 tumour cells, at the fo rt aj 
after inoculation, until about 2 8 micrograms at the eighth day, which is a 
variance with data by Ledoux and Revell (1955) 
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Protem content of blood, plasma and ascites fluid— In our stock of mice the 
plasma protem concentration went down from a normal level close to 6 per cent 
to below 4 per cent in the course of the ascites tumour growth (Fig 2) Ihis 
figure also shows that the protem concentration of the cell-free ascites fluid 
declines from about 4 5 per cent to about 2 5 per cent at the end of the growth 




Days after inoculation 

Fid 1 — Changes in the tumour cell numbers and ascites fluid volume plotted against tho 
time after tumour inoculation (cf data by Hauschka el al, 1967) 


1, A — Average total tumour cell numbers X X X 


Tumour cell concentration 

o— 

— o— 

— o 

1 , b — Volume of cell free ascites fluid 

x — 

— x — 

— X 

Total volume of ascites 

o— 

— o— 
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curve Ledoux and Revell (1955) previously found m the same stram of ascites 
tumours an increasing protem concentration m the fluid up to about 2 per cent 
at the 14th day of growth The protem content of normal rabbit lymph (hind leg) 
is about 2 6 per cent (Benson, Kim and Bollmann, 1955) and of human ascites 
fluid m cases of liver cirrhosis about 3 per cent (Schoenberger et al , 1956) 

Album* n-globu h n raho of the ascites fluid — The relative amounts of albumin 
and globulins assayed by the electrophoretic method* were as follows 


Normal male mouse plasma (inbred stock) 
Plasma of ascites tumour bearing male mice 
Ascites tumour fluid 


Albumin 

Globulins 


(%) 

(%) 

A/G ratio 

43 

57 

0 75 

50 

50 

1 0 

56 

44 

1 25 


* Tho determinations ha\ o kindh been made in the laboratorv of Dr B 
Clinic Knrolmshn Hospital Stockholm 


Olhagen, at the Rheumatic 
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The relative excess of the albumin fraction in the ascites fluid agrees with the 
figure of Kun et al (1951), who found about 58 per cent albumin m pooled Ehrlich 
ascites tumour fluid The A/G ratio m the ascites fluid is thus 1 25, which is 
significantly larger than that of normal mouse plasma 



Fig 2 — The change in protein content of mouse blood plasma and cell free ascites uinour 
fluid with the time after inoculation Each figure obtained from samples poole rom 
three mice (see text) 



is used (Ottoson nnd Svh£n, 1959) 


Enzymic activities of the ascites fluid and tumour cells — From about the 1 ~th 
day of ascites tumour growth the dipeptidase activity of the ascites fiui rap i } 
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increased (Tables I and HI) This activity of ascites fluid did coincide with the 
late increase in dipeptidase activity of the blood plasma of the same tumour- 
beanng mice (Ottoson and Sylvan, 1959) Maximum activity figures (m the pre- 
sence of the dipeptidase inhibitor, previously mentioned) at the end of the growth 
nenod were equivalent to about 1 8 fi\ NaOH, which is more than three times 
the corresponding plasma level The recorded extracellular activity constitutes 
from 0 5 to 4 per cent of the total activity contained per /d ascites inclusive ot 

the tumour cells 



Fig 4 — The pH activity curve of the acid protemases of washed ascites tumour cells pooled 
from three mice on the fifth day of tumour growth Substrate urea denatured haemo 
globin , cysteine added Extinctions expressed per 10 8 cells 


Iii the case of the protemases active m the pH range of 2 to 6 the conditions 
are more complicated In normal mouse plasma there are at least two (possibly 
three) protemases, which show optimum activity against urea-denatured haemo- 
globin at pH 3 5 (3 5 enzyme) and 4 5 (4 5 enzyme) (Ottoson and Sylvbn 1959 , 
Fig 3) The first one is probably a pepsm-hke enzyme (Mirsky ef al , 1952), while 
part of the second one is expected to be of cathepsm nature The acid protemases 
of lymph have not been studied It may further be added that the extracellular 
fluid obtained in diluted form from waslungs of the pentoneal cavity of normal 
mice also contains two proteinase activity peaks of about equal magnitude at 
pH 3 5 and 4 5 against urea-denatured haemoglobin (unpublished data) The 
shape of this pH-activity curve is rather similar to that of blood plasma, but 
distinctly different from that of the tumour ascites fluid (Fig 5) mentioned below 
In the interstitial fluid of solid mouse tumour transplants two proteinase peaks 
have also been observed at about pH 3 S and another at 4 5-4 7 (Sylvdn, unpub- 
hshed data) The pH-dependence of the ascites tumour cell protemases is shown 
in Table I and Fig 4, vhich demonstrate that the pH 3 5 enzyme is lacking 
3S 
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while, instead, enzymes of the cathepsm group with optimum activity around 
pH 4 5 are present On the whole, the cathepsm activity is low m the tumour 
cells (Malmgren, Sylvan and Rev6sz, 1955 , Sylven and Malmgren, 1957) The 
appearance of some pH 3 5 proteinase m the tumour cell homogenates at the end 
of the growth period (Table I) is considered to be caused by an admixture of 
proteins from the ascites fluid not removed by our saline washing 



Fig 5 — The pH activity curve of acid proteinoses contained w fresh c ^ 

Conditions the same as in Fig S Data from three pooled samp es 
( x X X) and twelve days old ( 0 •) ascites tumours 


Table I — Serial Data on the Total Dipeptidase and Proteinase Activity f 

Ascites Tumour Cells 

Each figure obtained on materials pooled from 3 inbred male 

Proteinase activity 
Extinction increase per 10 cells 


Age of Dipeptidase actn ity 
tumour (pi 0 1 m NaOH 
(m days) per 10* cells 


r C ysteme _ added C^menotadded 


pH 3 5 
E 


pH 4 5 
E 


pH 3 5 
E 


pH 4 5 
E 


The ascites tumour fluid, on the other hand, shows e ertain During 
distribution curve as compared with that of normal mouse V activity 

the early phase of tumour growth the pH 1 8-3 5 enzymes are > P t ( t ,} ier mo- 
or almost lacking (Fig 5 and 6), while a 4 5 enzyme of cathepsm yp 
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chan tfqmte 
further the ratio between the extinction maxima at 3 5 and 4 5 qui 



(«) 



Fic l> — Tho observed \anatiotvs m the acid proteinase actmty of fresh cell-free ascites 
fluid at the pH optima 3 5 and 4 5 Each figure obtained from three pooled samples 
Actnitics expressed per ft\ fluid (0, a) as irell as per fig protein content (0, b) 


different ns compared with that in the blood plasma Fig 6, a and b, demonstrate 
the continuous increase m both activities in the later course of ascites tumour 
grow th The pH 3 5 enzyme m the ascites fluid does not reach the corresponding 



560 


B SYLVEN, R OTTOSON AND L REVESZ 


plasma level of tumour 'bearing 
Sylvan, 1959) 


mice at the end of tumour growth (Ottoson and 


T ““ 11 ~ S Zi t ?T phiase and kinase Activity per a 

Asaies Fluid Pooled from 3 Inbred Male Mice J P 


Age of 
tumour 
(m days) 

4 

5 
7 
9 

12 

16 


Dipeptidase activity 
(/it 0 1 m NaOH 
per /tl fluid) 

0 63 

0 43 
0 31 

0 74 

1 8 


Proteinase activity 
Extinction increase per /tl fluid 


Cysteine added Cysteine not added 

r — A — - _ - 


pH 3 5 

E 

pH 4 6 

E 

r — - — 
pH 3 5 

E 

pH 4 1 5 
E 

0 01 

0 12 

0 01 

0 08 

0 00 

0 32 




0 01 

0 18 

0 03 

0 14 

0 07 

0 68 

0 08 

0 62 

0 14 

0 36 

0 16 

0 30 

0 17 

0 48 

0 22 

0 64 


T “ L p,„SiY S ? a ! Da ‘? m th l D 'P^t^ and Proteinase Activity per 
otem Content in Ascites Fluid Pooled from 3 Inbred Male Mice 1 


Age of 
tumour 
(in days) 

4 

6 

7 

9 

12 

16 


Proteinase activity 
Extinction increase per mg protein 


Per cent 

Dipeptidase activity 

Cysteine added 
/ * , 

Cysteine not added 

A 

protein 

content 

(/tl 0 1 m NaOH 
per mg protein) 

pH 3 6 
E 

pH 4 6 

E 

pH 3 6 
E 

pH 4 6 

E 

4 7 

3 9 

6 4 

0 2 

3 0 

0 3 

1 8 

— 

0 0 

11 0 



— 

2 9 

O A 

14 7 

0 6 

6 2 

1 1 

4 6 

1 4 

0 0 

9 2 

2 3 

17 2 

2 6 

15 8 

2 8 

44 6 

4 8 

13 0 

6 2 

10 8 

2 6 

72 0 

6 7 

19 2 

8 5 

21 0 


So far all activities have been expressed per /A ascites fluid and plasma The 
serve increases in enzymic activity are still more marked when correlated to 
tue protein content of the compartments (Table ITT ) 


discussion 

The observed enzymic data illustrate the net results of a complex senes of 
ranspoit and permeability events m mvo, which seem difficult to distinguish m 
e ai mce the enzymes are unstable and are possibly subject to different degrees 
° u I0n and inactivation m all the tissue compartments concerned the conclu- 
sions are necessarily vague, and have to be supported by other more direct and 
in ependent data The discussion will mainly be based on the enzymic activities 
per unit volume as is usual in problems involving transport stable markers 
tional information may be obtained by comparing the enzymic activities 
on a per-protein basis 

It is further assumed that there is a rapid exchange of water and a slower 
exc lange of protein constituents between the ascites fluid and blood mainly via 
iQr) pathways (Courtice and Steinbeck, 1950 , Prentice, Sin and Joiner, 

vi V b - ’ Remhardt and Tarver, 1952, McKee et al , 1952, Berson and 
a on , 954 , and Schoenberger et al , 1956) It is further presupposed that the 
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ascites fluid originates from the blood serum (Straube, 1958), but also that certain 
ionic and enzymic contributions may appear from the interstitial fluid of the peri- 
toneal walls as well as from the intracellular compartment of the peritoneal 
cells, normal as well as tumorous ones 

With reference to the exchange of proteins between the blood and ascites 
fluid present data seem to justify the conclusion that there is a restricted 
diffusion ” of globulins into the peritoneal cavity leading to the observed shdt in 
the A/G ratio This might indicate a certain “ sievmg-effeet ” on the part of the 
capillary membrane 



Fig 7 — Comparison, between the enzymal activities expressed per /il fluid in the fluid 
compartments under question The plasma data (Ottoson and Sylv6n, 1959) are obtained 
on blood samples from the same mice as used m thiB report The data on normal pen 
toneal fluid will be published elsewhere 


The relative enzynnc activities of the fluid compartments under question are 
for comparison compiled m Fig 7 According to previous concepts it may be 
tentatively assumed that the labile extracellular dipeptidase activity is associated 
v ith a relatively small protein molecule of a size close to the albumins, while 
the pH 4 5 proteinase activity most likely resides m a larger molecule possibly 
of the size of the globulins 

The dipeptidase concentration 

In the course of the ascites tumour growth the plasma concentration of total 
dipeptidase activity increased to about twice the normal level (Ottoson and Sylvdn, 
l'no) In the same mice the peptidase activity of the ascites fluid at first, before 
the 12th dav after inoculation, had a similar concentration (Table II) but then 
rose to a maximum \e\ el of about three times that of the corresponding blood 
plasma activity, and tv ice that of the normal mtraperitoneal fluid (Fig 7) 
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The ascites tumour cells had a very high content of peptidases The results can 
be explained by the assumption that peptidases are diffusing from the tumour 
cells mto the ascitic fluid and then transported to the blood The relative balance 
between the ascites fluid and blood plasma concentration during the first part 
of tumour growth might signify that the exchange is more rapid during this tune 
(cf Berson and Yalow, 1954 , Straube, 1958) while possibly a relative retention 
of peptidases becomes more evident later on Independent m vitro data (Sylven, 
unpublished results) clearly show that the tumour cells are releasing peptidases 
at a high rate 


The concentration of acid proteinoses 

The protemase pattern presents a complicated picture During the first part 
of the ascites tumour growth most of the acid proteinase activity was abolished 
both in the blood plasma (Ottoson and Sylven, 1959) and in the ascites fluid 
(Fig 7) It is suggested that this may be due to an mcreased concentration of 
acid serum mucoprotems actmg as protemase mhibitiors (cf above) The pH 
3 5 enzyme certainly has some source other than the ascites tumour cells, smce the 
latter do not contain this enzyme (Fig 4) The enzyme on the other hand is 
present m normal peritoneal fluid (unpublished results), although its actual 
activity level there is lower than in normal mouse plasma It is possible that the 
pH 3 5 enzyme is derived from the stomach mucosa according to Musky el at 
(1952) The present data do not give rehable information as to the actual 
concentrations of tlus emyme due to the apparent presence of an inhibitor, and 
therefore, further discussion is postponed 

The pH 4 5 protemase is present m the ascites tumour cells (Fig 4) Also this 
enzyme seems to be influenced to some extent by the proteinase inhibitor in the 
ascites fluid during the first 5 to 7 days of tumour growth In some series of mice 
the pH 4 5 enzyme shows a moderate activity m the ascites fluid at the oth to 
7th day after inoculation (Fig 5) The activity then increases to a high level m 
the blood plasma as well as in the ascites fluid, although the activity m the lat r 
compartment remains somewhat higher On the assumption that the inhi i or 
concentration is of the same magnitude in both compartments, it appears pro a e 
that a transport of this enzyme occurs from the cells via the ascites fluid ie 

blood +111 i 

The fate of the peptidases and protemases possibly transferred to • ie i ooc 
stream is not known , a certain degree of inactivation and/or excretion is assuni 
to occur The peptidases are for instance extremely sensitive, and may as w 
as the protemases become excreted similar to its pepsin counterpart 1 ie re a i 
ratio in plasma between the extinctions of the pH 3 5 and the 4 o pro ein 
activity leaves no indication as to the fate of the pH 4 5 plasma enzyme. g 
the later part of tumour growth , , 

It will be noted that the observed differences in enzymic activities p er x 0 
would become mcreased if the data are recalculated per protein conten o 1 
different compartments (Table HI) Smce this may not be fully ]us i e vn 
view to the transport problems involved, the authors have omitted o cons 

this set of data m detail , , 

The present results do not allow us to consider to what exten a se 
retention of enzymes might contribute to the observed increases o enzym 



DEPEPTEDASES AND PROTEINASES IN ASCETIC ELDED 


563 


activity in the ascites compartment The determinations are only an indication 
of the actual activities Since uncontrolled factors are involved and m particular 
the presence of a proteinase inhibitor is assumed, the observed activity data do 
not represent the total enzyme contents, and cannot serve as indicators of the 
amount of blood proteins filtering through from the serum Present data are 
therefore only circumstantial evidence in favour of the view that tumour cells, 
as well as normal cells, release enzymes to different extents into the extracellular 
fluid 

The reported m vivo experiments, however, are msufficient to explain the factors 
and environmental conditions responsible for the marked enzymic increase at 
the end of the ascites tumour growth It is not known whether this increase is 
associated with an mcreased rate of cell death on the part of the tumour cells 
Acs and Straub (1954) described a very marked increase m the oncentration of 
potassium ions in the ascites tumour fluid This can also be interpreted as an 
indication of a release of intracellular K ions into the extracellular space 
The mcrease m the K ion concentration was noted already very early during 
tumour growth, and did not seem to have a close correlation with the frequency 
of cell death 

The report illustrates the difficulties involved in the interpretation of data 
derived under m vivo conditions, where large differences m enzymic activity are 
required before significant results can be obtamed on a per-volume basis 

SUMMARY 

Quantitative assays were performed of the dipeptidase activity, against 
alanylglycme, and proteinase activity between pH 3 to 6, using urea-denatured 
haemoglobin as a substrate, in the cell-free ascites fluid of inbred male mice 
inoculated with a standard dose of the hyperdiploid Ehrlich ascites tumour 
Comparison was made with previous serial assays, performed m the same mice, 
on the corresponding activities of blood plasma 

The quantitative growth characteristics of this ascites tumour line are 
described The protein concentration of the cell-free ascites fluid descreased to 
a figure of about 2 5 per cent at the end of tumour growth The changes in both 
the absolute and relative distribution of albumins and globulins in the blood 
plasma and ascites fluid of tumour -bearrng mice were determined by means of 
electrophoresis 

The dipeptidase activity of the ascites fluid showed a contmuous mcrease m 
the course of tumour growth, and reached shortly before the animals died a 
level of about three times that observed m the correspondmg blood plasma The 
pH 3 5 and 4 5 protemases, normally present m blood plasma, were also demon- 
strable m the normal extracellular peritoneal fluid The pH 3 5 proteinase activity 
uas almost abolished m the early ascites fluid as well as m the plasma of the same 
mice The pH 4 5 activity was simultaneously somewhat depressed The pH 
3 5 proteinase activity later on reappeared m both compartments, but only 
reached a level of about half the activity of the correspondmg blood plasma The 
pH 4 o proteinase activity is similar to the intracellular cathepsms This reached 
a high lei el m the ascites fluid constituting its mam proteinase in the acid t>H 

range During the same time this activity was increased to twice the normal 
level m the blood plasma 
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The conclusion is reached that, most likely, the increase in dipeptidase and 
pH 4 5 proteinase activity in the ascites fluid originate by release of enzymal 
proteins from mtrapentoneal cells Other mdependent data to be reported else- 
where support the view that most of the released enzymes have leaked out from 
the tumour cells 

The results are so far only valid in the case of ascites tumours , the plasma 
activities m mice with solid transplanted tumours remain to be studied 

The authors are grateful to Professor Torsten Theorell, University of Uppsala, 
for his encouragement and criticism The investigation has been supported by 
institutional grants from the Swedish Cancer Society, the King Gustaf V’s Jubilee 
Fund, and the Jane Coffin Childs Memorial Fund for Medical Research, which are 
all gratefully acknowledged 
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The contention of Warburg (1956) that tumour cell mitochondria are irre- 
parably damaged, has prompted numerous comparisons between the properties 
of normal and tumour cell mitochondria The isolation of Ehrlich ascites tumour 
mitochondria and studies of their oxidative phosphorylation with a variety of 
substrates were reported in a previous communication from these laboratories 
(Hawtrey and Silk, 1959) The present report concerns further studies, but of 
a physical nature — namely, the swelling characteristics of both respiring and non- 
respirmg Ehrlich ascites mitochondria in a variety of media The characteristics 
have been compared with those of mitochondria from normal cells and from other 
tumour types under similar conditions 

A comparison between the swelling characteristics of normal and tumour 
cell mitochondria provides information concerning the influence of intracellular 
and extracellular fluid environment on mitochondrial functioning Studies m 
these laboratories have demonstrated that the fluid environment of tumour cells 
is of paramount importance as the medium through which X-radiation acts 
“ indirectly ” on respiratory metabolism (Silk, Hawtrey and Macintosh, 1958) 
The environmental “ indirect ” action of X-radiation is at present being studied 
using Ehrlich tumour mitochondria as test material m place of whole cells 
Accordingly it became necessary to investigate the influence of environmental 
medium pH and composition on the physical characteristics of Ehrlich tumour 
mitochondria Such physical studies are of importance because of the possible 
influence of swelling and shrinkage on the structural arrangement of enzymes 
necessary for chemical functioning of the mitochondria (Tedeschi and Harris, 
1958) 


MATERIALS A HD METHODS 


Ehrlich ascites tumour — This tumour was kindly supplied by Hr K Sugiura 
of the Sloan-Kettermg Institute, New York, and has been maintained in > wiss 
albmo mice which were used between the 9th and 12th day after inoculation 

Hexokmase (General Biochemicals Inc , Ohio, USA) when assayed accor mg 
to Somogyi (1952) and Crane and Sols (1955) was found to have an activi y o 
approximately 150 units per mg , , 

Cytochrome c was used as a 1 per cent solution m isotomc saline as supp ie y 
General Biochemicals Inc , and was found to contain 5 87 X 10 “' nioles per m 
when assayed according to Umbreit, Burris and Stauffer (1957) 


* Present address - Div sion of Biochemistry, National Chemical Research Labors on , 

Pm ate Bae 191, Pretoria, South Africa , , , 

t Present address S.A Poliomyelitis Research Foundation, P O Box 1038, Johannes urg, > 
Africa 
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Adenosme-5-phosphonc acid {AMP) and Adenosine diphosphate ( ADP ) were 
used as supplied by General Biochemicals Inc , and by the H M Chemical Go 
of Los Angeles, California respectively 

Adenosine triphosphate {ATP) was used as the tetra sodium salt supplied by 
General Bioclvemicals Inc , and assayed as 85 per cent pure by the method of 
Crane and Sols (1955) 

Diphosphopyridine nucleotide ( DPN ) was obtained from General Biochemieals 
Inc , and assayed as 85 per cent pure by a modification of the method of Broche 
(1955) using 10 mg of sodium dithiomte per 1 0 ml of 0 2 M dibasic sodium 
phosphate as the reducing solution 

All other substrates and chemicals used were of Analytical Reagent grade 
Isolation of mitochondria 

Mitochondria were isolated by the method of Haw trey and Silk (1959) All 
operations were earned out at 0-4° C Saline washed ascites cells were allowed 
to swell for 15-20 minutes m hypotonic (£ strength) Ringer phosphate solution, 
and subsequently disrupted into 8-10 volumes of pure water using a loose fitting 
Dounce homogemser (Blaessig Glass Speciahties, Rochester, Mew York, USA) 
for exactly 3 0 minutes Immediately after lysis, concentrated sucrose solution 
was added, to the homogenate to give the usual 0 25 M sucrose suspension from 
which the mitochondria were isolated by differential centrifugation Nuclei 
and cell debris were removed at 600-700 g for 20 minutes, and the supernatant 
centrifuged at 12,000-13 000 g for 10 minutes to sediment the mitochondrial 
fraction The mitochondria were washed twice until free of “ fluffy ” layer, and 
were then re-suspended in 0 25 m sucrose (approximately 5-6 ml per g wet weight) 
equivalent to a concentration of 4-6 mg mitochondrial protein per ml The pH 
of this final suspension was 6 9 

Mitochondrial protein content was determined according to the biuret method 
of Cleland and Slater (1953) using an ovalbumin standard 

Media for determination of mitochondrial swelling 

(a) Non-respiring mitochondria — The medium is indicated for each experiment 

(b) Respiring mitochondria — The following medium was used 0 045 m 
sodium potassium phosphate buffer (pH 7 4), 0 015m KF , 0 008 m MgCl 2 
0 0025 m ADP , 0 001 m AMP , 0 002 h EDTA (ethylene diamine tetra acetic 
acid) , 0 01m d-glucose , 0 032 m sucrose , 24 x 10 4 m DPN , 9 8 X 10 -® M 
cytochrome c , 1-3 mg hexokmase (crystalline) , 0 007 m substrate (Media 
with a-ketoglutarate as substrate contamed 0 02 m malonate in addition AMP 
ADP and all substrates were neutralised to pH 7 4 with KOH and stored at —30° C 
before use ) 

For experiments in which co-factors or the glucose-hexokmase phosphate 
acceptor system were omitted from the medium, 0 25 m sucrose was used to 
make up the necessary volume 


Measurement of mitochondrial swelling 

The change m optical density of a dilute suspension of mitochondria was 
measured according to the method of Cleland (1952) 

Measured volumes (0 15 ml ) of the mitochondnal suspension m 0 25 m sucrose 
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(containing 4-6 mg protem/ml ) were added to 2 85 ml of the medium in which 
swelling was to be determmed After thorough mixing, the optical density at 
520 m/i was read m a Model DU 2400 Beckman Spectrophotometer against a 
blank containing the medium under examination plus 0 25 m sucrose m place of 
the mitochondrial suspension Values are expressed as Specific Extinction 
coefficients 



for suspensions containing 1 pei cent of mitochondrial protem 



Fig 1 — Swelling of non respiring mitochondria m unbuffered sucrose solutions a, 0 -j> 
sucrose -f 0 01 11 EDTA (pH 7 4), B, 0 25 ji sucrose , c, 0 44 M sucrose , d, disti e 
water , e, 0 SO m sucrose , f, 0 GO si sucrose , 

Fig 2 — Swelling of non respiring mitochondria in sucrose solutions buffered to pH ‘ 
addition of 0 05 v tris (hj droxymethyl) aminomethane acetate A, 0 25 M 
+ 0 01 ai EDTA , B, 0 25 n sucrose , c, 0 44 v sucrose , d, 0 60 ai sucrose , E,0 W 3i 
sucrose 


RESULTS 

Each family of curves shown m Fig 1-9 was obtamed using a nuto 

chondnal preparation A control determmation of Q 0; value and r O ra i° 
with succmate as substrate was carried out on each batch of mitochondria, o 
ensure their functional mtegrity for use m swelling expenments A1 ^ ® 
preparations used showed a satisfactory level of oxidative phosphorylation ac lvity 
with succmate (cf Hawtrey and Silk, 1959) Qo. values lay within the range 
S5-125 and P O ratios within the range 1 1-1 4 (Qo. values are expresse as 
/d 0 2 uptake per mg protein per hour ) 
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Swelling of non-respmng mitochondria 

The curves m Fig 1 show that m unbuffered solutions the swelling of non- 
respmng mitochondria is mmimal in 0 25 M sucrose which was used m the isolation 
procedure Swellmg of nutoclrondna was also negligible in water which was 
used as suspending medium for initial lysis of the ascites cells No agglutination 
of mitochondria was observed m aqueous suspension A certain amount of mito- 
chondrial swellmg was observed m sucrose solutions above 0 25 M in concentration 
The presence of 0 01 M EDTA caused a slight mcrease in the swellmg observed m 
0 25 M sucrose The swelling of non-respirmg mitochondria m sucrose solutions 
buffered to pH 7 4 with tris-(hydroxymethyl)-aininomethane-acetate (Fig 2) 
was on the whole slightly more than in unbuffered solutions (Fig 1) As with 




Fig 3 — The effect of pH on the swelling of non respiring mitochondria Mitochondrial 
suspension in 0 26 M sucrose (0 15 ml ) was added to 2 86 ml of 0 26 m sucrose buffered with 
0 05 m tris acetate to the pH indicated for each curve At pH values below 6 0, agglu 
tination of the mitochondria occurred 

Fig 4 — Swelling of non respiring mitochondria in 0 26 si sucrose solutions buffered with 
0 05 m tris acetate (pH 7 4), and containing added co factors a, 0 001 m ATP , 
b 0 001 m DPN , c, 0 001 m AMP , d, 0 001 m ATP + 0 001 m DPN , e, 0 001 m ADP , 
F, control 


unbuffered solutions the swellmg was least in 0 25 m sucrose, but the mcrease of 
swellmg on addition of EDTA to unbuffered solutions was not observed m buffered 
solutions Whereas with unbuffered solutions, swellmg was greatest in 0 60 m 
sucrose and less m 0 80 m (Fig 1), m buffered solutions swelbng was comparable 
m both concentrations of sucrose (Fig 2) 

Non-respmng mitochondria did not swell m sucrose solution buffered to 
pH 6 0 with tns-acetate, but swelling was observed at pH 7 0 and was found to be 
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increased at successively higher pH values (Fig 3) Agglutination of the mito- 
chondria occurred below pH 6 0 

The swelling of non-respinng mitochondria m 0 25 m sucrose buffered to pH 
7 4 with tns-acetate was considerably decreased by addition of 0 001 m DPN 
to the medium (Fig 4) Addition of ADP caused a slight inhibition of swelling, 
while AMP and ATP were without effect The protective action of DPN was 
nullified when ATP was also present m solution (Fig 4) 



hydroxybutyrate , d, 0 0066 m l glutamate , e, no substrate 

The swelling of non-respinng mitochondna in 0 25 M sucrose buffered to 
pH 7 4 with tns-acetate was not affected by addition of the uncoupling g 
DNP (2 4 dimtrophenol) On the other hand addition of thyroxine a i , 
at a subsequent stage m the expenment, caused a marked increase in s 
(Fig 5) but only with 6 out of 8 mitochondrial preparations examine I 

swelling of non-respinng mitochondna in buffered sucrose was o se 
addition of succinate and phosphate to the medium (Fig 5) 

Swelling of respiring mitochondria 

IMitochondna m the phosphorylatmg medium without added ’ 

underwent the same degree of swelling as observed for non-respinng mi o 
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m 0 25 m sucrose However, in the presence of certain added substrates slirmkage 
occurred followed by a gradual degree of swelling (Fig 6) Succinate caused the 
maximum shrinkage of swollen mitochondria, while ascorbate was practically 
as effective though more rapid m its action Addition of L-glutamate caused 
only mild shrinkage of the mitochondria while addition of /?-hydroxy butyrate 
was without effect on the swelling (Fig 6) 



Fig 7 Fig 8 


Fig 7 — Swelling of respiring mitochondria m phosphorylating medium (see text) with suc- 
cinate as substrate Effect of removing co factors from the medi um a, no hexokmase , 
b, control , c, no oytochrome c or hexokmase , d, no cytochrome c 
Fig 8 — Swelling of respiring mitochondria m phosphorylating media at various pH values 
with succinate as substrate pH 8 0 medium as in text but with (0 005 m K,Na phosphate 
buffer + 0 040 m tns-aeetate buffer) m place of the 0 046 m K,Na phosphate buffer 
specified pH 7 4 medium as m text pH 6 6 medium as specified for pH 8 0 
Agglutination of mitochondria occurred below pH 6 0, and heavy precipitates formed m 
the medium above pH 8 0 


The shrinkage of swollen mitochondria in phosphorylating medium with 
succinate as substrate, was unchanged by removal of the hexokinase-phosphate 
esterifymg system from the medium (Fig 7) On the other hand removal of 
cytoclirome c from the medium resulted m rapid swelling and complete failure 
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of the mitochondria to undergo shrinkage Removal of cytochrome c and 
hexokinase together also resulted in failure to undergo shrinkage, but the degree 
of initial mitochrondnal swelling was less than in the case where only cytochrome c 
was removed from the medium (Pig 7) 

The effect of medium pH on the shrinkage of swollen mitochondria in phos- 
phorylatmg medium with succinate as substrate, was studied in a senes of expen- 
men ts Shrinkage took place after 10 minutes at pH 8 0, after 12 minutes at 
pH 7 4 but only after 22 minutes at pH 6 0 Agglutination of mitochondria 
occurred below pH 6 0, while heavy precipitates formed in the medium above 
pH 8 0 (Pig 8) 



Fro 9 — Effect of thyroxine on swelling of respiring mitochondria in phosphorylatmg me 
(see text) with succinate as substrate a, 3 X 10" 5 m thyroxine present mitia y > , 

thyroxine , c, 3 X 10~ 5 m thyroxine added as indicated { ) 


Slmnkage of swollen mitochondna in phosphorylatmg medium wit 1 succnm 
as substrate, was also observed m the presence of 3 X 10 -5 M thyroxine, a mug 
the initial swelling was less than in a medium without thyroxine A lon 
3 X 10~ 5 M thyroxine to the medium immediately after shrinkage of the resp ^ g 
mitochondria had taken place, caused instantaneous and marked swelling o ove 
by rapid shrinkage and a subsequently more gradual rate of swelling (rig ) 
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DISCUSSION 


Swelling of non-respinng Ehrlich tumour mitochondria was minimal m water 
and m 0 25 m sucrose used foi the isolation procedure The method of isolation 
involved brief contact of the mitochondria with water over a period of 3 0 minutes 
dunng mitial lysis of the ascites cells, but it has been shown that such treatment 
does not nnpair then capacity for oxidative phosphorylation (Hawtrejr and Silk, 
1959) Concentrated sucrose solution is added to the homogenate immediately 
aftei the 3 0 minute lysis period and tlus, in all probability, completely reverses 
any swelling which may occur during contact with the water (Tedescln and 
Hams, 1958) 

The observation that nntial E 520 m/t values for a smgle batch of mitochondria 
are diffeient m sucrose solutions of varymg osmolarity (cf Eig 1 and 2) is attribut- 
able to differences in lefractive index of the suspending media (Tedescln and Hams, 
1958) The same divergence of nntial E 52Qtn;( values m varymg sucrose concen- 
trations was found by Mutolo and Abrignaiu (1957) In a later paper by Mutolo 
and Abugnani (1958) curves are shown foi tumour mitochondria which have the 
same nntial E 620 m/ , value foi a smgle sucrose concentration Our results also 
show that m a smgle medium the swelling curves for Ehrlich mitochondria tend 
towards a common origin 

The observation that non-respmng tumour mitochondria show an increased 
degree of swelling with mcreasmg sucrose molarity m buffered or unbuffered 
solution, is m contrast to the findmg of Lehnmger (1956) that rat hver mito- 
chondria exhibit least swelling m hypertonic sucrose The apparent increase 
of swelling with increasing solution osmolarity is m itself not easily exphcable, 
but may be due to a gradual change in mternal refractive index of the mito- 
chondrial particles (cf Tedescln and Hams, 1958, and Barer, Boss and Tkaczyk, 


1953) 

Failure of EDTA to prevent the swelhng of non-respiring Ehrlich mitochondria 
m unbuffered sucrose is in keepmg with the results of Mutolo and Abngnaru 
(1957) who found that it tended to promote the swelling of Walker 256 carcino- 
sarcoma mitochondria EDTA effectively prevents the swellnig of rat hver 
mitochondria (Mutolo and Abngnam, 1957), and also stabilises the oxidative 
activity of heart muscle sarcosomes (Cleland and Slater, 1952) 

The mcrease m swelhng of non-respinng Ehrlich mitochondria in 0 25 m sucrose 
at successively higher pH values, parallels the results of Witter and Cottone 
(1956) using rat hver mitochondria Liver and Ehrlich tumour mitochondria 
show least swelhng at pH 6 0, and below pH 6 0 rapid agglutination of both types 
occurs (Gamble, 1957) 


The swelling of non-respirmg Ehrlich mitochondria m 0 25 M sucrose buffered 
to pH 7 4 was not reversed on addition of ATP, ADP, AMP, DPN or ATP + DPN 
to the medium DPN and to a lesser extent ADP were however effective m 
decreasing the rate of swelling, although the protective action of DPN was 
nullified when ATP was also present in solution By contrast Fonnesu and Davies 
(1956) and Dickens and Salmony (1956) found the ‘swelhng of hver mitochondria 
to be re\ ersed by addition of ATP A similar effect was shown by Chappell and 
Perry (1954) using heart muscle sarcosomes Failure of ATP and DPN to reverse 

the i 8 ^Sf g ° f Ehrhch ascltes ceU mitochondria, may be due to the lugh ATP-ase 
and DPK-ase activities of tumour mitochondria as distinct from those of normal 
39 
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cells No fluoride or nicotinamide were added to inhibit these actions m the 
media used to examine the Ehrlich mitochondria 

The uncoupling agent 2 4 dmitrophenol (DNP) was without effect on the 
swelling of non-respiring Ehrlich mitochondria m 0 25 m sucrose buffered to pH 
7 4 On the other hand, Lehnmger (1956) observed that DNP effectively preven- 
ted the swelling of rat hver mitochondria Thyroxine, another uncoupling 
agent, caused a rapid mcrease m the swelling of non-respirmg Ehrhch mito- 
chondria which parallels the findings of Dickens and Salmony (1956) and Leh- 
ninger (1956) with non-respiring rat hver mitochondria, and is m contrast to the 
findings of Emmelot and Bos (1957) with rat hepatoma mitochondria However, 
the effect of thyroxme on normal cell mitochondria is apparently variable Tapley 
and Cooper (1956) found that rat liver and kidney mitochondria underwent 
swelling m the presence of thyroxme whereas those of the heart, testis and spleen 
did not 


Bapid swelling of non-respirmg Ehrhch tumour mitochondria was observed 
m the presence of oxidizable substrate (succinate) and inorganic phosphate 
This is analogous to the behaviour of rat hver mitochondria reported by Chappell 
and Greville (1958), and is m keepmg with the statement of Witter and Cottone 
(1956) that succmate and phosphate cause a breakdown of organised mito- 
chondrial structure In a fortified phosphate medium but without substrate, 
Ehrhch mitochondria underwent the same degree of swelling as observed in 


0 25 M sucrose buffered to pH 7 4 

The swelhng of respiring Ehrlich mitochondria was studied m the same 
fortified incubation medium with a variety of substrates Uninterrupted swelling 
was observed with L-glutamate and /?-hydroxybutyrate, possibly due to the 
low quantity of DPN piesent, but with succmate and ascorbate an apparent 
reversal of swelhng was observed Moreover, this reversal occurred only m 
the presence of added cytochrome c and was unaffected by removal of the hexo- 
kinase trappmg system The possibility exists that two phenomena are involved 
simultaneously in the observation of swelhng reversal at 520 m fc , (a) actual 
physical shrinkage of the mitochondria in the presence of cytochrome c, and (b) 
reduction of the external cytochrome c which could act as an electron acceptor 
if the conditions in the Beckman cuvette were anaerobic at the time when the 


reversal of swelling was observed Part of the increased absorption at 520 m/i 
could therefore be due to the />-band of reduced cytochrome c Blank experi- 
ments m which solid sodium dithiomte was added to the cuvette at the s ar 
of the observed shrinkage, showed only 30 per cent of the mcrease m op ica 
density usually found with succmate as substrate Thus 30 per cent o m 
mcrease m optical density observed after 15 minutes with succmate and ascor a 
may be due to reduction of the external cytochrome c, while 60 per cent may e 
due to actual shrinkage Holton (1955) and Chance (1957) have shown a 
reduction of cytochromes in a mitochondrial suspension can be followed in e 


Beckman spectrophotometer , 

Sh rinka ge of respiring mitochondria m the presence of succmate an cyro 
chrome c was found to take place more rapidly at successively higher va vies o 
pH Agglutmation of the mitochondria occurred below pH 6 0 and above p 
heavy precipitates formed m the solution 

If added initially thyroxme decreased the usual rate of swelhng oi respiring 
Ehrlich mitochondria, whereas the opposite effect was observed with non-respiring 
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mitochondria Howevei , if thyioxme was added when maximum shnnkage of 
lespirmg imtocliondria had taken place, an immediate swelling of the particulates 
was observed This was followed first by rapid shrinkage and then by a more 
gradual rate of swelling 

The physical characteristics of Ehrlich ascites cell mitochondria therefore 
appear to be similar to those leported for othei tumour mitochondria, but differ 
m a number of respects from those of normal cell mitochondria However, on 
the basis of the comparisons drawn it would not be possible to decide whether the 
observed differences might be generally characteristic of tumour cell mito- 
chondria 

SUMMARY 

1 The swellmg characteristics of both respiring and non-respiring Ehrlich 
ascites cell mitochondria have been examined m a variety of media 

2 Swellmg of non-respmng mitochondria is mnumal m water and in 0 25 M 
sucrose and is not inhibited by addition of versene to the medium 

3 Swelling of non -respiring mitochondria mci eased with successive mcreases 
m pH value of the suspending medium Agglutination of the mitochondria 
occurs below pH 6 0 

4 The swelling of non-respirmg mitochondria cannot be reversed by addition 
of ATP, ADP, AMP, DPN or ATP + DPN to the medium However, DPN 
and, to a lesser extent, ADP are effective m decreasing the rate of swelling 

5 Dmitrophenol is without effect on the swelling of non-respirmg mito- 
chondria m buffered sucrose Thyroxine causes a rapid increase m swelling of 
non-respirmg mitochondria 

6 Rapid swellmg of non-respirmg mitochondria occurs m the presence of 
oxidizable substrate (succinate) and inorganic phosphate 

7 Mitochondria allowed to respire with ascorbate and succinate as substrates 
apparently undergo a temporary reversal of swellmg m the presence of added 
cytochrome c The phenomenon is not observed with L-glutamate and /bhydroxy- 
butyrate as substiates, possibly due to the low quantity of DPN present m the 
test medium 

8 The apparent reversal of mitochondrial swelhng observed with succinate 
and ascorbate as substrates may be due m part to actual shrinkage and m part to 
reduction of external cytochrome c 

9 Shrinkage of respiring mitochondria m the presence of succinate and cyto- 
chrome c takes place more rapidly at higher values of medium pH As with 
non-respirmg mitochondria, agglutination occurs below pH 6 0 

10 Thyroxine added initially to respiring mitochondria decreases the usual 

late of swelhng If added when maximum shrinkage of swollen mitochondria 
has occurred, thryoxme causes an immediate swellmg followed by rapid shrmkage 
This is followed again by a moie gradual rate of swelhng ‘ c ' 

1 1 The swellmg characteristics of Ekikch tumour cell mitochondria have been 

compared with those reported for mitochondria from other tumour types and 
from normal cells J L 


Tins work lias formed part of the research being undertaken in terms of a 
Senior Fellowship awarded to one of us (M H S ) bv the Nafmr.nl rv, a 
Association of South Africa } 7 the National Cancer 
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This investigation was undertaken as an attempt to answer the question 
“ How important are common domestic environmental factors m the aetiology 
of cancers? ” 

There is a large literature devoted to studies of cancer in families In these 
studies the influence of genetic and environmental factors are usually almost 
inextricably interwoven (An exception to this generality is the study of cancer 
occurring in twins separated at birth, but, even here, we have a common ante-natal 
environment winch is of at least theoretical importance ) 

As we cannot convemently remove environmental factors m studies of family 
or household cancer, one must consider how genetic factors might be ehmmated, 
leaving only those of environment By genetic factors here we refer to inherited 
factors shared by members of the same family rather than to genetic factors 
common to a community This means that we have to study the occurrence of 
cancer in members of the same households who are not blood relatives Material 
for such a study would be found by examining the causes of death of husbands 
and their wives This is the approach used in the present investigation 


Hypotheses tested m the investigation 

If one made the hypothesis that gastric carcinomata often had their causation 

whoh !ST fu ” C °° k g fats ’ a deduct *°n might be made 

could be tested by observation Dr Percy Stocks has pointed out (personal 

communication) that very likely, even cancer of a particular site may be produced 

by various causes This deduction might run-‘‘ Husbands and wives tend to 

be at statistical risk of sfcg&t'm it^ls^ntuafly ” ' ""Sarelirg^m^ 0 
cancer general (or specie cancer, J e 
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more than would be expected on the basis of chance (as determined by controlled 
studies) it is likely that there is a common domestic environmental factor (or 
factors) operative m the aetiology of their neoplasms ” Conversely, to formulate 
the negative proposition, one might assert it as likely that “ If cancer m the hus- 
bands of women who had died of cancer is no commoner than cancer in the 
husbands of women who did not die from cancer, then it is unlikely that common 
domestic factors are important carcinogenic agents ” 

These hypothetical considerations were put to the test of observation m the 
manner now described 


MATERIAL 

The study was made from death certificates Copies of these were available 
for the following districts for years given in brackets — 

City of Winchester, 18 years (1939 to 1956 inclusive) 

Urban District of Merton and Morden, 18 years (1939 to 1956 inclusive) 
Borough of Eastleigh, 19 years (1938 to 1956 inclusive) 

Urban District of Banstead, 19 years (1938 to 1956 inclusive) 

Municipal Borough of Gosport, 3 years (1954 to 1956 inclusive) 

Metropolitan Borough of Fulham, 20 years (1937 to 1956 inclusive) 

Deaths of residents dying both in and outside the districts were used 


METHOD AND PROCEDURE 

Every death certificate of a female m the above towns during the period (in 
most places fifteen to twenty years) was examined, and all widows dying from 
cancer, who totalled 1869, had small cards prepared giving name, date of death 
age, diagnosis m international classification of causes of death, serial number, 
address, husband’s Christian names and occupation 

1869 Control widows were then selected from among those who died of non- 
neoplastic conditions according to the following criteria Each cancer widow 
(the words “ cancer widow ” mean a widow who herself died from cancer) was 
matched with a control widow (a) who died during the same year, if possi e in 
the same month, or at least the same quarter (b) who died at the same age 
exactly, or at least within two years of the same age (c) who came om e 
same district , , , . 

Exceptions to these rules were extremely few, and occurred w en ei er (i) 
the number of deaths in the district under survey was small, or (n) ■ ie age on 
death of the “ cancer ” widow was so low that a “ control wi ow cou no e 

The same facts as were noted for the cancer widows were noted for the control 
widows on similar cards Much care was taken m selecting the con o s , an , 
subject to the factors mentioned in (l) and (n), the highest degree o lerence 
to rules (a) and ( b ) was obtamed by a general review of widows rol i n lieo 

plastic conditions, to see the possibilities of accurate matching, e ore se ec ion 

for matching took place „ ,, 

After a final re-check of matching pans in respect of age and date of death, the 
two sets of cards were inserted m racks, in alphabetical order, commencing wi 
1956, and, as each year’s cards were racked, the death records for tha year were 


CANCER IN HUSBANDS AND WIVES 


579 


read aloud by one worker, while the other worker scanned the racks in the following 
way The surname of each male entry whose age at death was consistent with 
his having been married before death (1 e approximately 18 and over) was read, 
out When a surname was read which occurred among the cards “ racked ”, 
the husband’s Christian names and occupation and the addresses of both widow 
and male entry were compared , where all three talked it was assumed that the 
two entries were husband and wife , comparison of ages at year of husband’s 
death was used as a final check, and if all factors pointed to a reasonable presump- 
tion of " husband ” and “ wife ”, the folio wmg particulars of the husband were 
entered on the reverse of the widow’s card Date of death, age, diagnosis and 
serial number Cases occurred in which one or more of the necessary factors were 
not known in either the widow’s or husband’s case, e g in Banstead the only 
address of the one partner was often given as Banstead Mental Hospital , in 
such cases, if the Christian names and occupation of the male entry were comparable 
on both card and entry, and age at death was also consistent with marriage, then 
the same assumption was made as when addresses also talked If husband’s 
occupation was not given on either card or entry, Christian names and age were 
taken as basis of a reasonable assumption of marriage , but if neither Christian 
names nor occupation were given in both cases, so that at least one of the two 
factors could be compared, age was not considered sufficient basis for any assump- 
tion of marriage, and no action was taken 

The search for the husbands of the 1869 widows who died from cancer revealed 
417 pairs (i e husband and wife) in which the causes of death were known When 
the search for the husbands of the 1869 “ non-cancer widows ” (le widows who 
did not die from cancer) was completed, there was available a total of 455 pairs 
(each pair consisted of a widow who did not die from cancer and her husband, 
the cause of whose death was, again, known) 

The information on the small cards was coded for cause of death m accordance 
with the 4 digit code of International Classification of Diseases Occupation and 
social class were also coded according to the Registrar General’s Classification 
of Occupations and Social Class Grouping The cards were given pair numbers 
for matching husband and wife Power Samas cards were then punched and veri- 
fied for each of the 1744 individuals m the investigation to show death register 
entry number, place and date of death, sex, age, occupation (of husband) social 
class, cause of death (in parts 1 and 2 of the certificate) cause of death (m parts 
1 and 2 of the certificate) of spouse, pair number and whether cancer widow or 
control widow or husband of cancer widow or husband of non-cancer widow 


Comparability of final material 

Although cancer widows and controls used m the original search were carefully 
matched, it was considered essential to examine the comparability of the final 
material The purpose of this verification was to reduce the possibility that 
unknown selection factors had operated during the search for the husbands to 
upset the comparability of the two groups 


Age comparability of cancer and non-cancer widows 

Table I shows the numbers of cancer widows m five-year age groups together 
with a column showing what percentage of all the 417 cancer widows Is formed 
bj those m each group The table also shows the corresponding figures for non- 
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cancer widows, while Fig 1 shows the age distribution by these percentages 
for the two groups of widows It will be seen that the age composition of the two 
groups is closely comparable, so that failure to find the husbands of cancer widows 
of different ages has been paralleled by compensating failures in the search for 
the husbands of non-cancer widows in such a way that the matching of age groups 
has not been upset 


Table I — Age Composition of the Two Groups of Widows 


Cancer j 

''No 

40- 

5 

45- 

5 

50- 

ld 

55- 

36 

60- 

50 

65- 

64 

70- 

72 

75- 

85 

80- 

51 

85- 

29 

90- 

4 

95- 

All 

ages 

417 

widows | 

1% 

1 2 

1 2 

3 8 

8 6 

12 0 

15 4 

17 3 

20 3 

12 2 

7 0 

1 0 

— 

100 

Non-cancer J 

rNo 

3 

6 

12 

27 

51 

80 

90 

97 

48 

31 

10 



455 

widows | 

t% 

0 7 

1 3 

2 6 

5 9 

11 2 

17 6 

19 8 

21 3 

10 6 

6 8 

2 2 

— 

100 



Cancer "widows 417 
Non cancer -widows 455 


Social class comparability of cancer and non-cancer widows 

Table H compares the social class distribution of the two groups of widows 
Fig 2 shows the percentage of these two groups m the different social classes 
from which it will be seen that the two groups were very similar in this respect 


Table II — Social Class Composition of the Two Groups of Widoivs 


Cancer widows 


Non cancer widows 


/No 

\% 

/No 

J O/ 

L /o 


1 

Social Class 

2 3 

4 

5 

Not 

stated 

Total 

16 

64 

213 

61 

60 

13 

417 

3 8 

15 4 

51 

12 

14 5 

3 3 

100 

21 

68 

235 

65 

58 

8 

455 

100 

4 6 

15 

51 6 

14 3 

12 7 

1 8 




Pei centage 
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p IG 2 Social class composition of the two groups of widows as percentages 

of each group (from Table II) 

Cancer widows 417 

Non cancer -widows 455 


Comparability of cancel and non-cancer undows m respect to district 

Table III and Fig 3 show that the proportion of cancer widows and non- 
cancer widows coming from different districts was closely comparable 


Table in — Places of Residence of the Two Groups of Widows 




Gosport 

Cancer 

f No 

9 

widows 

\% 

2 2 

Non cancer 

fNo 

13 

widows 

1% 

3 0 


istleigh 

Win 

Chester 

Banstead 

56 

34 

38 

13 4 

8 3 

9 1 

63 

32 

27 

13 9 

7 0 

5 9 


Merton 

and 

Morden 

Fulham 

All 

districts 

94 

186 

417 

22 5 

44 5 

100 

109 

211 

465 

24 0 

46 2 

100 


We conclude that we have then two groups of widows, one of which died from 
cancer, the other of which did not, which were comparable m respect of the age 
distribution of the group, social class, place of residence and year of death 


The husbands — age composition 

Table IV shows (columns 1 and 2) the age distribution (m five-year age groups) 
of the husbands of the cancer widows It also shows the percentage in each age 
group of the total of (417) husbands of cancer widows The corresponding figures 
for the 455 husbands of non-cancer widows is shown in columns 3 and 4 of the 
same table 
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Fig 3 — Percentage of each group of widows m the six districts 

Cancer widows 417 

Non cancer widows 455 


Table IV — Age Distribution of the Husbands of the Two Groups of Widows 


Col 

No 

1 No 

2 % 


3 No 

4 % 


Husbands of Cancer Widows 


30- 

36- 

40- 

45- 

50- 56- 

60- 65- 

70- 75- 

80- 

85- 



5 

12 

26 39 

52 77 

89 66 

60 

9 

— 

— 

1 2 

2 9 

6 2 9 3 

12 6 18 4 

21 3 13 4 

12 0 

2 2 





Husbands of Non cancer Widows 



1 

2 

4 

6 

26 28 

65 86 

83 86 

47 

13 

0 2 

0 4 

0 9 

1 3 

5 6 6 2 

14 3 18 9 

18 2 18 9 

10 3 

2 9 


Not All 
90- stated ages 
2 — 417 

0 5 — 100 


8 1 455 

18 02 100 


The husbands — social class 

The social classes of the husbands is, by definition, the same as that o t leir 
wives (see Table II and Tig 2) 


The husbands — Geographical distribution 

The district of residence of the husbands at the time of death is the same as 
that of their wives (see Table III and Tig 3) 


RESULTS 

1 Causer m the husbands of non-cancer {i e control) widows 

Of 455 husbands of non-cancer widows, 94 men died from cancer, 
per cent 


2 Cancer in the husbands of cancer widows 

Of 417 husbands of cancer widows, 83 men died from cancer, i e 20 pe 
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Further information about husbands dying from cancer 

(a) Age distribution —Table V shows the age distribution of the 94 cancer 
deaths among the total of 455 dead husbands of non-cancer widows, together 
with the distribution of these deaths as percentages of the deaths m each age 
group of men who were husbands of non-cancer widows It also shows the age 
distribution of the 83 cancer deaths among the total of 417 dead husbands of 
cancer widows, together with the distribution of these deaths as percentages of 
the deaths in each age group of men who were husbands of cancer widows 

Table VI compares the age distribution of the cancer cases m the husbands of 
the cancer widows and the non-cancer widows They are seen to be similar 


Table V — Age Distribution of Cancer Deaths Among the Two Groups of Husbands 


Husbands of cancer widows Husbands of non cancer widowB 



r 

_ ^ 

1 

r- 

A 



Husbands 


HusbondB 


Age 

All 

who died 

Per 

All who died 

Per 

groups 

husbands from cancer 

cent 

husbands from cancer 

cent 

0-64 

43 

10 

23 3 

38 10 

26 4 

66-64 

91 

18 

19 8 

93 19 

20 5 

66-74 

166 

38 

22 9 

169 40 

23 6 

76 + 

117 

17 

14 6 

156 25 

16 2 

All ages 

417 

83 

20 0 

456 94 

20 6 

Table VI — 

-Age Distribution of Cancer Cases in the Two Groups of Husbands 



Husbands of cancer widows 

Husbands of non cancer widows 



who themselves died of canceir 

A 

who themselves died of cancer 

X 

Age groups 


1 

Number 

Per cent 

f 

Number 

Per cent 

0-64 


10 

12 1 

10 

10 6 

65-64 


18 

21 7 

19 

20 2 

65-74 


38 

45 8 

40 

42 6 

76 + 


17 

20 4 

25 

26 6 

All ages 


83 

100 

94 

100 

(b) Social class — 

-Table VII shows that the 

distribution of the 

cancer cases 


among the social classes follows that of the group of husbands of which they 
form part and is generally similar m both groups Nevertheless, a relatively 


Table VII Social Class Distribution of Cancer Cases m the Two 

Groups of Husbands 


No 

0 / 

/o 


No 

0 / 

/o 


4 

4 8 


5 

5 3 


2 3 4 5 

Cancer cases among Husbands of Cancer Widows 
12 42 11 12 

14 6 50 4 13 3 14 6 

Cancer cases among Husbands of Non cancer Widows 

9 48 19 12 

96 51 0 20 3 12 7 


Not 


stated 

Total 

2 

83 

2 4 

100 

1 

94 

1 1 

100 
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larger number of cases fall into Group 2 and a small number into Group 4 amongst 
the pairs where both husband and wife died from cancer than amongst the pairs 
where the husband only died from cancer 

(c) Geographical distribution of cases of cancer m the husbands — Table V TTT 
shows the distribution amongst the 6 areas in the Survey of the 83 cases of cancer 
in the husbands of cancer widows and the percentage in each area It also shows 
the distribution amongst the same areas of the 94 cases of cancer m the husbands 
of non-cancer widows Comparison of the two groups shows that the percentages 
were very similar m all areas except Gosport where the numbers were very small 
It is also seen that m Banstead the percentage of cancer m both groups, i e 
315 per cent and 33 3 per cent, was higher than the total percentages (20 per cent 
and 20 6 per cent respectively) 


Table VUI — Numbers and Percentages of Husbands m Each Area who Died 
From Cancer, for Each of the Tivo Groups of Widows 


Cancer widows Non cancer widows 


Districts 

t ' 

Total 

With cancer 
husbands 

Per 

cent 

r 

Total 

With cancer 
husbands 

Per 

cent 

Gosport 

9 

1 

11 0 

13 

4 

30 8 

Eastleigh 

56 

14 

25 0 

63 

11 

17 6 

Winchester 

34 

5 

14 7 

32 

5 

16 6 

Banstead 

38 

12 

31 6 

27 

9 

33 3 

Morton and Morden 

94 

21 

22 3 

109 

26 

23 8 

Fulham 

186 

30 

16 1 

211 

39 

18 5 

All districts 

417 

83 

20 0 

455 

94 

20 6 


Association of Specific Sites of Neoplasm m Husband and their Wives 

The above remarks apply to cancer of all Sites taken together An examination 
was also made to see whether the husbands of women dying from growths of 
particular sites were themselves more likely than might be expected by chance 
(l e more than the husbands of wives who did not die from cancer would he) 
to die from the same particular site growth, or cancer of some other site An 
account of this is given m the Appendix and Table IX 


DISCUSSION AND COMMENTS ON RESULTS 

It will be seen from the above results that the percentage of husbands of 
cancer widows who also died of cancer did not differ from the percentage of hus- 
bands of non-cancer widows who died from cancer It appears then tha ie 
occurrence of cancer m the wives was not linked with the occurrence of cancer 
m their husbands who pre-deceased them To put matteis simply, if a wife e 
from cancer there was no more chance that her husband would die from cancer 
than if he were the husband of someone else who did not die from cancer eve 
fore, there is no evidence, from this investigation (at this time and place), ia 
habits common to husband and wife have detectable importance in causa ion 
of cancers from which both could suffer 
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Table IX 








Non cancer widows’ 





husbands who died 



Husband and 

from growth 



wife with 

of these sites 



same growth 

* , 


All cancer 


" \ 

% 

Diagnosis 

widows 

No 

0/ 

/o 

No (of 455) 

Tongue 

1 

— 



Floor of mouth 

1 

— 



Other parts of mouth 

1 

— 



Hypopharynx 

I 

— 



Oesophagus 

6 

—*- 



Stomach 

65 

3 

4 6 

17 3 7 

Small intestine 

2 

— 



Large intestine exc rectum 

49 

1 

2 0 

13 2 9 

Rectum 

36 

1 

2 8 

10 2 2 

Extra hepatic ducts 

14 

— 



Liver (secondary) 

3 

— 



Pancreas 

13 

— 



Peritoneum 

5 

— 



Larynx 

2 

— 



Trachea, bronchus and lung 

19 

2 

10 0 

20 4 3 

Mediastinum 

2 

— 



Breast 

77 

— 



Cervix uteri 

20 

— 



Corpus uteri 

5 

— 



Uterus, unspecified 

14 

— 



Ovary and fallopian tube 

21 

— 



Unspecified fern gen organs 

2 

— 



Kidney 

4 

— 



Bladder and uim. organs 

11 

— 



Malignant melanoma of skin 

1 

— 



Other malignant neoplasm of skm 

3 

— 



Eye 

1 

— 



Brain and other parts of N S 

4 

— 



Thyroid gland 

2 

— 



Bone (including jaw bone) 

3 

— 



Secondary and unspec malig neoplasm of 1 

— 



lymph nodes 





Other and unspecified sites 

16 

— 



Lymphosarcoma and reticulosarcoma 

2 

— 



Hodgkm’s disease 

3 

— 



Lymphatic leukaemia 

1 

— 



Myeloid leukaemia 

2 

— 



Acute leukaemia, type unspecified 

4 

— 




417 

7 




N B —To reduce the complexity of presentation the detailed site distribution of all canceT deaths 
in the two groups of husbands is omitted from this Table It is available on request 


Tins conclusion, is not invalidated by the fact that we cannot draw up a hard 
and fast list of habits that are or are not always either individual or common to 
husband and wife 

The above remarks are likely to be true even if we assume that a complex 
of factors in heredity and environment (both inside and outside the home) is 
needed to set the stage necessary for a particular growth to occur 

Can our negative result be interpreted as meaning that, m future endemrological 
investigations based on questionnaires, we can exclude mquuy into domestic 
habits usually common to members of the same household? It might, but because 
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this could lead to neglect of a large field of inquiry it would be safer to say “ The 
negative result suggests that an investigation of domestic habits (in relation to 
cancer aetiology) would he more likely to he profitable if directed towards hahits 
usually peculiar to individuals m a household than towards those common to 
most members of the household ” Nevertheless, although this wide, negative 
finding might guide future investigations, it should not limit their field, lest some 
important fact should, by neglect, fail to be revealed 

CONCLUSION 

There is no evidence, from the present investigation, to confirm the hypothesis 
that domestic factors or habits common to husband and wife are carcinogenic 
The results seem to suggest that it would be less profitable to investigate the 
possible carcinogenic influence of common domestic factors than other, usually 
unshared, factors However, this conclusion should be apphed with caution to 
future plans for endemiological enquiries lest a conceivably important field for 
further investigation be neglected 


SUMMARY 

This investigation attempts to answer the question “ How important are 
shared domestic environmental factors in the aetiology of cancers To eliminate 
family genetic factors a study was made of the causes of death of husbands and 
wives 

The material consisted of 417 widows who died from cancer (“ cancer widows ”) 
and their husbands, the causes of all the deaths being known A carefully matched 
control group of 455 -widows who did not die from cancer (non-cancer widows) 
together with their husbands, the causes of whose deaths were also known, was 
used for comparison The cancer widows and control widows were closely com- 
parable in respect of age, social class, place of residence, date of death, etc 

It was found that 20 per cent of the husbands of cancer widows died from 
cancer The percentage of husbands of non-cancer widows who died from cancer 
was 20 6 per cent 

It is concluded that, as cancer m the husbands of women who died from cancer 
was no more frequent than cancer in the husbands of women who did not die 
from cancer, then it is unlikely that shared domestic environmental factors are 
important carcinogenic agents for the time, places and people in this study 

An appendix describes the observed percentage of cancers of identical si s 
m cancer widows and their husbands and compares these with the findings in e 
group of non-cancer- widows and their husbands 

NOTE 

When this paper was written the literature was searched under the heading 
“ Cancer m Husbands and Wives ” without result Because the author hap penc 
to come across a reference to Ciocco’s work the literature was re-searched un er 
the heading “ Mortality m Husbands and Wives ” This revealed Ciocco s ( _ > 

1941, 1942) papers Using an approach similar but not identical to the Die ^ o 
described m the present paper Ciocco found an excess of cancer above expec ion 
m the spouses of cancer subjects, l e his results are the reverse of our own 
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Evelyn A Potter and Mildred R Tully, deliberately following Ciocco’s methods 
as closely as they could in Massachusetts, failed to confirm his results Their 
findings, then, are compatible with our own, though they used a Bomewhat 
different method 

Obviously from the above conflicting results further investigations are required 
and until these have been earned out, generalisations about the presence or 
absence of association of cancers in husbands and wives are unjustifiable 

Thanks are due to the following Medical Officers of Health for allowing access 
to then records for this research 

Dr E J MacIntyre (Banstead U D G ) 

Dr W Alastan Glen (Eastleigh M B ) 

Dr M I Adams (Fulham M B ) 

Dr Percival W Pritchard (Gosport M B ) 

Dr W D Swinney (Merton and Morden TJ D G ) 

Dr Robt A Good (City of Winchester) 

My special thanks are due to Miss Joyce Strudwick and Miss Rosemary Axe, 
B A who earned out most of the investigation Thanks for co-operation are 
due to Miss V P Farrow and her staff at the South West London Mass X-ray 
Service, especially to Mrs V Collins, Mrs M Levett, Mrs W E Smith, Miss A 
Taylor, Mrs V Thomas and Miss K E Janvnn Tims 

I am also grateful to the Libranan of the Royal Society of Medicine for search- 
ing the literature 

I am required to state that tins investigation formed part of a successful 
entry for the South West Metropohtan Regional Hospital Board Research Pnze 
Competition 1958 


REFERENCES 

Ciocci, A —(1940) Proc not Acad Sci , Wash , 26, 610-5 (Prelim note to art m 
Hum Biol ) — -(1940) Hum Biol , 12, 508-31 — (1941) Ibid , 13, 189-202 (May) 
—(1942) Publ Hlth Rep , 57, 1333-42 (Sep 4) 

Potter, E A Ann Tully, M R —(1945) Amer J publ HUh , 35, 485-90 (May) 


appendix 

Table IX shows the type occurrence of the 417 cancers occurring in the cancer 
widows (col 1) Column 2 of this table shows the number of deaths from cancer 
of the same site occurring among the husbands of women dying from cancer of 
that particular site 

Of 65 women who died from carcinoma of the stomach, 15 (23 per cent) had 
husbands who died from cancer of which 3 died from cancer of the stomach 
i e 4 6 per cent, whereas of the 455 women not dying from cancer, 17 had husband^ 
die from stomach cancer (3 7 per cent) and of the 352 women who died from 

percent^ ***** **** busbands of 10 djed from cancer of the stomach (2 8 
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Of 49 women who died from carcinoma of the colon, 8 (16 4 per cent had 
husbands who died from cancer of which 1 died from cancer of the colon, i e 
2 per cent whereas of the 455 women not dying from cancer 13 had husbands 
die from carcmoma of the colon (2 9 per cent) and of the 368 women who died 
from cancer of other sites the husbands of 7 died from cancer of the colon (1 9 
per cent) 

Of 36 women who died from carcmoma of the rectum, 8 (22 per cent) had 
husbands who died from cancer of which 1 died from cancer of the rectum, l e 
2 8 per cent whereas of the 455 women not dying from cancer 10 had husbands 
die from cancer of the rectum (2 2 per cent), and of the 381 women who died from 
cancer of other sites the husbands of 7 died from cancer of the rectum (1 8 per cent) 
Of 19 women who died from lung cancer 5 (26 3 per cent) had husbands also 
die from cancer of which 2 died from Jung cancer, i e 10 per cent, whereas of 
455 women who died from causes other than cancer, 20 had husbands die from 
lung cancer (4 3 per cent), and of the 398 women who died from cancer of other 
sites the husbands of 17 died from lung cancer (4 4 per cent) 

We have already described the absence of unexpected association of the same 
cancer m husband and wife m respect of the following sites — stomach, colon, 
rectum and lung Looking down the list of remaining sites no example is seen 
of the same growth occurring m husband and wife among the less common growths 
Examination of the senes for evidence of associated causes of death m husbands 
and wives other than malignancy was tmdertaken but will not be described 
here, the number of diseases bemg so large m proportion to the number of deaths 
available that no rehable conclusions are possible Eor the same reason it was not 
possible to make a rehable investigation mto the possibility of an association 
between the occurrence of a particular site of cancer m the wife and some other 
specific non-mahgnant disease m the husband 
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In a previous paper (Phillips, 1954) it was shown that in Canada between 
1931 and 1952 deaths from lung cancer had increased approximately six times 
among males and had more than doubled among females The experience m 
numerous other countries in lung cancer mortality has been reported (demmesen, 
Nielson and Jensen, 1953 , Dorn, 1953 , Stocks, 1962) and equal or greater 
mcreases shown Such studies are based, generally, upon official mortality 
statistics However, in a disease which, for its correct identification, requires 
medical skills and facilities that are only recently coming into widespread use, 
the assessment of mcreases m lung cancer mortality requires a careful study of 
the relative accuracy of death certificates and special consideration for the pre- 
dominant pulmonary diseases of the period under review 

Greenwood (1948) has stated that a change of fashion m death certification 
due to increasing knowledge may affect comparability and more recently Gilliam 
(1955) has written that, m lung cancer, although a large majority of informed 
opinion accepts the behef that the mcrease bemg experienced in many countries 
is real, considerable divergence of opinion remains with regard to its magnitude 
Herdan (1958) has suggested that, when examining striking changes in the incidence 
of non-epidemic disease one must be mindful of the possibility of a change in 
diagnosis In order to study such comments as they apply to mortality data 
m Canada a review has been made of deaths attributed to the major diseases 
of the respiratory system for the period 1931-1956 The sexes have been analyzed 
separately between the ages of 35 and 84 years All mortality rates have been 
standardized on the 1951 census population of Canada in order to permit direct 
comparisons The following causes of death with the International List Number 
were selected for study — 


I Malignant neoplasms of trachea, bronchus and lung not specified 
ns secondary — 


47 (a), (b), (c), (d) 

47 (a), (b), (c), (d), (e), (f) 

102, 103 

4th Revision 
6th Revision 
6th Revision 

II Tuberculosis of the respiratory system — 

23 

13 

0001 to 0008 

4th Revision. 
6th Re\ ision 
6th Revision 

III Diseases of the respirator} system — 

104 to 114 

104 to 114 

■V 87 to 97 (Intermediate List) 

4th Revision 
5th Revision 
6tli Revision. 

III (a) Bronchopneumonia — 



107 

107 

491 


4th Re\ ision. 
5th Re\ lsion 
0th Re\ ision. 
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III (b) Lobar pneumonia — 


108 

4th Revision 

108 

5th Revision 

490 

6th Revision 

Pneumonia (unspecified) — 


109 

4th Revision 

109 

5th Revision 

492, 493 

6th Revision 


The standardized death rates are shown for males m Table I and Figure 1 
and for females in Table II and Fig 2 From the tables it will be noted that 
lung cancer mortality in males has increased from 6 9 per 100,000 population in 
1931 to 56 9 m 1956, an increase of 8 2 times, while the female rates have increased 
approximately 2 4 times On the other hand the tuberculosis rates have decreased 
from 80 8 per 100,000 to 19 2 for males and from 64 2 to 8 7 for females All 
other respiratory diseases have decreased for males from 138 2 per 100,000 to 
83 4 and for females from 125 7 to 44 0 per 100,000 


Table I — Standardized Death Rates Per 100,000 Population for Selected Causes 

Among Males 35 to 84 Years (1931-1956) 

Pneumonia 


Years 

Lung 

cancer 

TB 

All 

respiratory 

< 

Broncho 

-A . 

Lobar 

— i 

Unspecified 

1931 

6 9 

80 8 

138 2 

34 4 

42 0 

22 3 

1932 

7 4 

75 5 

138 0 

36 9 

45 7 

22 6 

1933 

8 8 

72 1 

135 8 

36 9 

42 0 

18 5 

1934 

8 6 

72 2 

135 0 

35 7 

45 0 

15 0 

1936 

10 7 

73 9 

141 8 

40 2 

53 0 

15 1 

1936 

10 9 

72 9 

144 6 

44 3 

62 8 

14 7 

1937 

12 1 

70 6 

148 0 

44 3 

52 6 

13 5 

1938 

12 4 

65 1 

140 6 

40 2 

54 0 

13 0 

1939 

15 5 

64 7 

122 0 

41 7 

36 7 

11 6 

1940 

17 3 

64 4 

114 6 

36 7 

32 9 

9 9 

1941 

17 6 

69 6 

93 0 

29 4 

24 1 

11 1 

1942 

16 9 

66 1 

90 4 

30 3 

26 2 

10 7 

1943 

18 7 

69 2 

101 8 

31 2 

30 7 

11 9 

1944 

18 5 

63 4 

91 8 

28 6 

26 2 

11 7 

1946 

21 3 

61 6 

81 8 

24 8 

22 8 

10 7 

1946 

24 4 

61 2 

84 8 

27 5 

19 6 

10 7 

1947 

28 4 

64 9 

78 7 

27 5 

18 5 

9 1 

1948 

29 5 

57 6 

78 5 

27 7 

18 8 

9 0 

1949 

32 9 

52 4 

80 3 

26 3 

17 5 

10 6 

1950 

36 9 

46 4 

73 3 

20 2 

12 2 

8 0 

1951 

38 7 

43 9 

96 0 

24 3 

10 9 

9 8 

7 1 

8 9 

8 2 

8 2 

7 9 

1952 

43 0 

33 4 

68 4 

22 0 

8 1 

1953 

47 0 

25 4 

78 0 

21 8 

10 3 

1954 

50 1 

24 0 

66 4 

20 7 

8 3 

1955 

63 6 

20 6 

74 9 

25 7 

7 5 

1956 

56 9 

19 2 

83 4 

27 2 

10 3 


The comments of Greenwood and Herdan regarding a change of fashion or a 
change of diagnosis in lung cancer death certification may be investigated y a 
study of the assumption that there has been no real increase in lung cancer 
mortality in Canada and that increases in death rates are due entirely to improve 
ments m death certification If this be true then following the proposal of G iam 
(1955), the number of deaths presumably resultmg from cancer of the lung m 
1931 may be calculated by applying the 1956 age-specific rates for each sex o 
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Fia I — Standardized death rates for selected causes among males 36 to 84 years 




120 


1 100 

■w 

3 
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o 
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£- 
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\ 


A 


V X 


\ 




I, 

l\ 

• » 

/ \ 


Tuberculosis 


\ ^ 

•z \Z" 


: cancer 


1931 /33 /35 /37 /39 /41 14 3 /45 /47 /49 /51 /53 /55 

r,c 2 -Standard, zed death rates for selected causes among females 35 to 84 j ears 
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Table II — Standardized Death Rates Per 100,000 Population for Selected Causes 
Among Females 35 to 84 Tears (1931-1956) 



Lung 


All 

< 

.Pneumonia 
k 


Years 

cancer 

TB 

respiratory 

Bronoho 

Lobar 

Unspecified 

1931 

3 8 

64 2 

125 7 

38 4 

33 6 

22 1 

1932 

3 9 

60 5 

131 6 

38 0 

41 5 

24 3 

1933 

5 0 

59 6 

123 8 

39 9 

35 6 

18 2 

1934 

4 8 

63 5 

121 9 

37 3 

36 8 

16 9 

1935 

5 4 

52 9 

124 8 

41 8 

41 1 

16 0 

1936 

6 1 

51 3 

124 9 

38 4 

39 6 

14 1 

1937 

5 6 

64 6 

120 0 

42 5 

41 6 

12 0 

1938 

5 9 

47 2 

112 7 

40 3 

37 0 

12 0 

1939 

5 2 

46 7 

107 3 

38 6 

31 8 

11 1 

1940 

6 2 

42 3 

89 4 

34 1 

21 9 

9 1 

1941 

0 2 

43 2 

71 6 

23 3 

18 5 

10 1 

1942 

6 1 

41 9 

68 0 

24 1 

15 8 

9 6 

1943 

7 4 

42 5 

79 7 

27 6 

19 6 

10 6 

1944 

7 5 

43 0 

68 1 

23 6 

18 5 

9 6 

1945 

7 0 

37 4 

58 9 

21 0 

14 2 

7 7 

1946 

7 0 

36 5 

60 4 

20 8 

13 4 

10 0 

1947 

7 4 

31 8 

57 0 

22 6 

12 0 

7 8 

1948 

7 9 

31 1 

53 2 

20 5 

11 6 

5 8 

1949 

9 6 

29 3 

62 8 

20 0 

10 0 

8 3 

1950 

7 5 

23 6 

52 1 

16 8 

7 2 

7 7 

1951 

8 2 

22 5 

72 4 

19 2 

5 7 

7 0 

1962 

9 2 

14 6 

41 0 

14 0 

4 7 

5 8 

1953 

8 5 

11 1 

47 5 

16 5 

4 8 

6 2 

1954 

8 9 

10 0 

38 6 

14 4 

4 5 

5 4 

1955 

10 8 

9 8 

43 0 

16 2 

4 3 

6 4 

1956 

9 2 

8 7 

44 0 

16 8 

4 3 

7 0 


the appropriate 1931 populations The results so obtained, less the deaths actually 
recorded in 1931 give the deaths from cancer of the lung that on this assumption 
were, m 1931, incorrectly attributed to some other disease These are given for 
males and females m Table III 


Table HI — Additional Deaths from Lung Cancer Needed m 1931* Shown as 
Percentages of Deaths from all Respiratory Diseases Including Tuberculosis 

Additional lung can cor deaths 


Additional lung cancer 
deaths needed in 1931 


Age 

Male 

^ 1 

Male 

Group 

Female 

(%) 

35-39 

6 

2 

1 6 

40-44 

20 

0 

4 8 

45-49 

40 

5 

9 2 

50-54 

95 

6 

22 0 

55-59 

140 

14 

39 0 

60-64 

158 

6 

46 6 

65-69 

165 

13 

41 5 

70-74 

123 

16 

30 1 

75-79 

59 

14 

17 0 

80-84 

31 

5 

10 8 


as proportion of deaths from 
all respiratory diseases 

— 

Female 
(%) 

5 3 
0 0 
2 0 


* In order that the 1931 and 1956 lung cancer mortality rates be equal 


It would seem reasonable to assume that deaths from cancer of the lung mig 
be confused more frequently with tuberculosis and other respiratory diseases, 
than with any other cause If there had been no increase in lung cancer dea is 
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between 1931 and 1956 and the additional deaths needed m 1931, shown m Table 
EH, had been erroneously diagnosed as some other respiratory disease including 
tuberculosis, then these needed deaths divided by the recorded deaths for respira- 
tory diseases including tuberculosis give the percentages of error in diagnosis of 
these diseases necessary m each age and sex group These percentages are given 
m Table 331 and show that for the age-specific lung cancer rates to remain the 
same the diagnostic error in all respiratory diseases including tuberculosis would 
have ranged from 1 6 per cent, for males aged 35 to 39 years to 46 6 per cent 
for those aged 60 to 64 years In addition different percentages of error would 
have been required for females In order that the basic assumption be upheld 
viz that increases in lung cancer death rates are due entirely to improvements 
in death certification, it is necessary to show that errors in diagnosing lung cancer 
as other respiratory diseases occurred more frequently m males than females 
and more frequently in the older age groups Smce there is not a consistent 
increase of diagnostic error with age the basic assumption must be rejected 
and the data interpreted to indicate that an increase in cancer of the lung has 
m fact occurred 

It is diffi cult to determine precisely how well the recorded mortality measures 
the magnitude of this increase Numerous examples have been presented, especi- 
ally in earlier years, show mg the erroneous diagnosis of lung cancer as tuberculosis, 
and post-mortem studies such as reported by Waller and Gnmstvedt (1958) 
indicate that a substantial diagnostic error may occur m carcinoma of the lung 
More recently the use of antibiotics has permitted a number of patients to survive 
until the correct diagnosis was made whereas they would have succumbed formerly 
to pneumonia or some other respiratory cause before the discovery of the under- 
lying cancer of the lung Unfortunately there is no way to estimate directly to 
what extent such circumstances have affected the recorded mcrease in lung 
cancer This may be done indirectly by measuring the effect of a selected per- 
centage of error in the diagnoses of respiratory diseases on the mortality trend 
of lung cancer Assuming a 2 per cent and a 5 per cent error of diagnosis the 
deaths resultmg from the assumptions are deducted from the recorded number 
and transferred to cancer of the lung 

Table IV shows the results of these calculations and it will be noted that, 
whereas m males the recorded lung cancer mortality rates increase d 82 times, 
an error of 5 per cent reduces this to 3 6 tunes In females the increase is reduced 
from 2 4 times, to no mcrease If a 2 per cent error in diagnosis is assumed the 
mcrease in lung cancer mortality for males is 5 3 times and 1 4 times for females 
This procedure assumes that the error factor is constant throughout the period 
under review whereas it would seem more reasonable to assume that errors m 


Table IV Effect of a Five Per cent Erroi m the Diagnosis of Respiratory Diseases 

on the Mortality From Lung Cancer 


Sox 

Malo 

Female 


Standardized Standardized 
lung cancer lung cancer 
death rate death rate 
(1931) (195C) 

0 9 50 9 

3 8 9 2 


Number 
of times 
increase 

8 2 
2 4 


Standardized 
lung cancer 
death rate 
including 
5% error 
(1931) 

17 6 
13 4 


Standardized 


lung cancer 
death rate 
including 
5% error 
(1950) 

04 0 
11 9 


Number 
of tunes 
mcrease 


3 6 
None 


42 


594 


A J PHILLIPS 


diagnosis have decreased in recent years If the 5 per cent error factor is apphed 
only to 1931 deaths and the 1956 deaths assumed to contain no error the increase 
in lung cancer mortality m males would be reduced further, to 3 2 times 

It is to be noted also that an assumption of a constant error m the diagnosis 
of all respiratory diseases including tuberculosis results in a decrease in the error 
in diagnosis of lung cancer Referring to Table TV the calculated lung cancer 
rate m 1931, assuming an error of 5 per cent m respiratory disease diagnoses, 
is 17 6 for males and 13 4 for females while the recorded rates are 6 9 and 3 8 
Thus on tins assumption 39 2 per cent (6 9/17*6) of the male lung cancer and 
28 4 per cent (3 8/13 4) of the female were correctly diagnosed m 1931 In 1956, 
however, the corresponding proportions are 88 9 per cent (56 9/64 0) for males 
and 77 3 per cent (9 2/11 9) for females It seems evident therefore that, as deaths 
from all respiratory diseases decline there is a decreasmg possibility that errors 
in diagnosing them could contribute substantially to the death rate from lung 
cancer 

Whether the two per cent or the five per cent error m diagnosis is considered 
acceptable it seems reasonable to assume that errors m the diagnosis of lung 
cancer occur and may have occurred more frequently twenty-five years ago 
On this assumption the increases, since 1931, m the recorded lung cancer death 
rates in Canada for both sexes are probably higher than in actual fact 

SUMMARY 

A study has been made of the experience m Canada m deaths from lung 
cancer and other major respiratory diseases The period reviewed was 1931 to 
1956 The standardized death rates indicate that lung cancer has increased 
approximately eight times among males and doubled among females Significant 
declines for each sex were found m deaths from tuberculosis and from all other 
respiratory diseases The assumption that all of the increase in mortality attri- 
buted to lung cancer smce 1931 could be accounted for by erroneous death certi- 
fication to other respiratory diseases including tuberculosis cannot be substanti- 
ated without unreasonable assumptions of age and sex differences in diagnostic 
error It is shown also that a substantial proportion of the recorded increase 
can be accounted for theoretically by a diagnostic error of five per cent Thus 
if five per cent of the deaths attributed to respiratory diseases including tuber- 
culosis were actually due to lung cancer, the recorded increase in males smce 
1931 in Canada would be 3 6 times instead of 8 2 times and in females no increase 
would be evident instead of one of 2 4 times The increase would be reduce 
somewhat further on the assumption of greater diagnostic error in the earlier 
than m the later years under review 

REFERENCES 

Clemhesen, J , Nielson, A , and Jensen, E — (1953) Ada TJn int Carter , 9, 603 

Dorn, H F — (1953) Ibid , 9, 126 

Gilliam, A G — (1955) Cancer 8, 1130 

Greenwood, M— -(1948) J JR statist Soc , Senes A, 111, 230 

Herdan, G — (1958) Brit J Cancer, 12, 492 

Phillips, A J — (1954) Canad med Ass J , 71, 242 

Stocks, P — (1952) Bnt J Cancer, 6, 99 

Waller, E and Gruistvedt, M — (1958) Acta 'path rmcrobiol scand , 43, 33U 



595 


MALIGNANT DISEASE OF THE GASTRO-INTESTINAL TRACT 

IN SINGAPORE 

C S MUIR 

From the Department of Pathology , University of Malaya in Singapore 
Received for publication October 1, 1959 

Singapore is singularly suitable, as is neighbouring Malaya, for the study of 
what has become known as Geographical Pathology The presence of a mixed 
population of some one and a half millions, 75 per cent Chinese, 14 per cent 
Malay, and 9 per cent Indian and Pakistani, within an island of some 217 square 
miles, makes for an epidemiological unit of convenient size, all the more so as 
there is but one general hospital Since the island lies one degree north of the 
equator, and one hundred and four degrees east of Greenwich, the climate is 
hot (average 85° F ), moist (average relative humidity 83 per cent), and equable 
There are no seasons 


METHODS MATERIAL SOURCES OF ERROR 


At the mortuary of the General Hospital, Smgapore, post-mortem examinations 
are earned out on persons who have died m the hospital, and on cases falling 
within the aegis of H M Coroner In addition, a morbid anatomist from this 
department visits the Kandang Kerbau Maternity Hospital post-mortem 
records are thus available from these three sources A few post-mortem examina- 
tions carried out at a tuberculosis and a military hospital are not included In 
short, records of almost all autopsies earned out in Singapore are available to 
this department 

All the post-mortem records of cases of malignant disease were scrutinised 
by the author and the data considered relevant were entered on a specially pre- 
pared pro forma for subsequent analysis 

This study covers the years 1948-58 inclusive, when 22,997 post-mortem 
examinations were earned out In this matenal there were 304 deaths from 
malignant disease of the gastro-intestinal tract, i e , 1 32 per cent K the 11,525 
children under the age of 1 1 years be excluded then the incidence is 2 65 per cent 
The age and sex mcidence, by race, for the post-mortem population for the 
years 1950-58 mclusive is given m Table I, and the mean age and sex mcidence, 
by race, for the entire population of Smgapore for the period mid-1947 to mid-1957 
is given m Table II As most values have been approximated to the nearest 
round number some of the cross-additions may be apparently incorrect 

The sex disparity, once very great, in the population has been almost corrected 
since the cessation of unrestricted immigration However, it will be noted that 
there is still an undue preponderance of Indian males in the third and subsequent 
decades ^ 


Unfortunately, it has proved impossible to compile much of the data in this 
paper for the whole of the period covered by the post-mortem survey and onlv 
such figures as were available have been presented ’ J 
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It will be seen that there is considerable disparity between the post-mortem 
rates for the various races, the relative racial proportions for the population as 
a whole bemg Chinese 76 3 per cent, Malay 13 1 per cent, Indians 8 1 per cent, 
and Others 2 5 per cent, while the corresponding figures for post-mortems are 
87 0, 2 6, 8 4 and 2 0 per cent 

Hence, unless the disease process under study is likely to cause sudden death, 
when an autopsy would be carried out irrespective of race at the mandate of 
HM Coroner, any post-mortem senes will be quite unrepresentative racially, 
as for religious and other reasons Malays virtually never give consent for autopsy 
Thus great care must be taken to ensure that the figures are comparable before 
concluding that any given neoplasm or disease process is rare or common m a 
particular racial group Further, the requirement for autopsy m cases of sudden 
death in a racial group which is averse to morbid examination will give a false 
impression of the importance as a cause of death of, say, coronary heart disease 
The age structure of the Singapore population tends to give a falsely low impres- 
sion of the relative mcidence of malignant disease, just over half the population 
bemg under 21 years of age (1957) Further, the rate of natural increase is such 
that by 1962 half the population may well be under 15 years 

Over the years 1906-10, when the mean population was about 250,000 the 
cancer mortality rate per 100,000 population was 12 6 (Hoffman, 1916) For the 
period 1926-31, when the population was approximately double, the incidence 
was 40 6 (Hoffman, 1935) In 1957 the overall mcidence was 53 2, and for the 
preceding five years the mean rate was 51 9 This gradual rise and maintenance 
of the rate of mcidence at a time of explosive natural increase suggests either that 
the mcidence of cancer as a whole is rising, or that the pubhc is making better 
use of the unproved medical facilities 

As post-mortem figures of incidence, both absolute and relative, are usually 
held to be biased, it was felt that no fair comment could be made unless hospital 
admissions, hospital deaths and the returns of the Registrar-General, Smgapore, 
gave roughly comparable figures That they do so tally to a remarkable degree 


Table HI — Comparison of the Number and Relative Incidence of Hospital Admis- 
sions, Hospital Deaths, Post-mortems, and Deaths recorded by the Registrar- 
General, Singapore, for Malignant Tumours of the Gastro-Intestinal Tract, 
1954-5S Inclusive 


International 
List No 

1 50 Oesophagus 

151 Stomach 

152 Smnll gut 

153 l>nrgo gut 

154 Rectum 


Hospital 
admissions 
, — — — -a 

Hospital 

deaths 

. A 

Post mortems 

A 

Registrar- 

General 

Number 

Per 

cent 

f — 

Number 

Per 

cent 

t 

Number 

Per' 

cent 

r A % 

Per 

Number cent 

485 

85G 

12 

170 

241 

27 

48 

1 

10 

14 

172 

253 

1 

43 

39 

34 

50 

8 

8 

48 

87 

2 

7 

G 

32 

58 

1 

5 

4 

299 24 

712 68 

2 _ 

112 9 

109 9 


js sho ; v r m T» bl e 111 As the system of classification of the returns of both the 
lospital and the Registrar-General has altered several times m the past ten years 

LXm sur^v COmplete thjS t0ble for the P erl0d “veredby the pos" 
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The figures of the Registrar-General, Singapore, are probably the most accurate 
m South-East Asia as 55 per cent of deaths are certified by doctors, 12 5 per cent 
by H M Coroner, usually following a post-mortem examination, and 32 5 per 
cent by Pohce Officers and Hospital Assistants (1957) In neighbouring Malaya, 
in 1956, 80 7 per cent of deaths were not certified by a medical practitioner The 
majority of deaths certified by unqualified persons are ascribed to " sawan ” 
(convulsions) or “ demum ” (fever), (Griffith, 1958) Neoplasia is rarely, if ever, 
mentioned 

Neoplasms of the gas tro -intestinal tract form a high proportion of all malignant 
tumours In Table IV the incidence of these tumours, as recorded by the 
Registrar-General, Singapore, is given, and expressed as a percentage of the 3,777 
malignant neoplasms recorded m the same period 


Table IV — Incidence of Gastro-Intestinal Tract Neoplasms Recorded by the 
Registrar-General, Singapore, 1952-57 Inclusive 


Site 

Number 

Per cent 

Percentage of 
all malignant 
neoplasms, 
ne of 3777 

Oesophagus 

283 

22 0 

7 6 

Stomach 

783 

61 0 

20 7 

Small intestine 

6 

0 6 

0 2 

Colon 

109 

8 6 

2 9 

Rectum 

103 

8 0 

2 7 

Total 

1284 

100 0 

34 0 


The oesophagus 

There were 84 cases of oesophageal carcinoma, 73 males (87 per cent) and 
11 females The mean age at death for the 11 females, who were all Chinese, 
was 56 1 dr 13 4 years, and for the 69 Chinese males 53 9 ± 9 4 years, 2 Indian 
Hindus, 1 Indian Muslim and 1 Malay brought the male total to 73 

The peak mcidence for males was m the decades 40-49 and 60-59, while ioi 
the females it was in the decades 50-59 and 60 -69 

Ochsner and de Bakey (1941) who collected 8572 cases of oesophageal carci- 
noma from the medical literature found that 20 per cent were situated in the upper- 
third, 37 per cent m the middle third, and 43 per cent in the lower third Compai- 
able figures for this senes are 6 per cent, 50 per cent and 40 per cent The site was 
not stated m the remaining 4 per cent 

The majonty of the carcmomata were descnbed as being about 10 cm m 
diameter obstruction was noted m 72 per cent „ 

Eistulae were common, occurring m 40 per cent of upper third, 38 per cen o 
middle third, and 10 per cent of lower third carcmomata Those in the upper 
third communicated with the trachea , those in the middle third with the ung 
direct, the bronchi, the trachea and the pencardtum in that order , those o e 
lower third with the lung direct and the pencardtum 

Not unexpectedly, abscess formation was common Fifteen per cent ox un- 
operated cases showed a concomitant lung abscess, 5 per cent a mediae ma 
abscess and 2 per cent a brain abscess 
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Metastatic spread was extremely common The mediastinal glands were 
grossly involved in 45 per cent of cases, the abdominal glands m 18 per cent and 
the cervical glands mil per cent There was spread to local tissues m 30 per cent, 
to the lung m 13 per cent, to the liver and brain in 10 per cent of cases These 
figures are in rough agreement with those of Dormanns (1939) who analysed the 
sites of metastasis in 824 cases of oesophageal carcinoma 

Oesophageal carcinomata seem to be much commoner m Smgapore than in 
the Occident, forming 27 6 per cent of this senes, and about 8 per cent of all 
neoplastic deaths (Table IV) 

Ackerman and Regato (1954) state that m the USA approximately 2 per cent 
of all deaths from carcinoma are oesophageal 

Oesophageal growths have long been known to be very common m Ohma 
Kwan (1937) found about half of gastro-mtestmal growths were m the oesophagus, 
and a s imil ar high mcidence in the Chinese of Java has been noted (Kouwenaar, 
1950) 

Marsden (1958), in an analysis of biopsy matenal m Malaya, found carcinoma 
of the oesophagus in 19 per cent, 25 per cent and 17 per cent of gastro-mtestmal 
tumours in Malays, Chinese, and Indians respectively 

Much stress has been laid on the consumption of hot food as an aetiological 
factor and, as the Chinese male was reputed to be the first m the family to eat 
from the dish, the male preponderance was held to be accounted for This, 
as Marsden (1958) comments, is certainly not true for either Malaya or Smgapore, 
and he suggests that the dnnkmg of spirits is a much more likely cause The 
relatively lngh mcidence of oesophageal cancer in Japan has also been attributed 
to alcohol (Irisawa, 1933) and Sterner (1956) discusses this relationship at length 
Despite the frequency with which the Chinese female m Singapore attempts 
suicide by drinking caustic soda, no history of such an episode was recorded m 
the 11 females, although in other reports the association lias been noted (Bigger 
and Vinson, 1950) 


The stomach 

There were 164 cases of carcinoma of the stomach Of these 143 (87 per cent) 
were male, and 21 (13 per cent) female 

One hundred and forty-seven were of Chinese race Of these 128 were male, 
and 19 female The mean age at death for the males was 51 7 + 10 5 years and 
foi the females 45 9 ^ 117 years 

The peak mcidence uas found to be m the decades 40-49 and 50-50 for the 
male (in all 67 per cent), and the decades 30-30 and 50 -59 for the female (respec- 
tneh 37 pei cent and 32 per cent) 1 

Them u ere 13 cases m Indians, of uhom 12 were male The mean age at 
rJTro f ° l * 16 ma CS " as 48 2 ± 115 years, the peak mcidence being m the decade 

I he sites of the tumours are given m Fig 1 It will be noted that there is some 
sex disparity m the mcidence of greater curve tumours As the number of females 

is small the significance of this finding is doubtful Nevertheless an interesting 
point is raised w Inch may repa> further studv interesting 

E\ ans (1056) finds that approximately 65 per cent of carcinomata are m Hip 
prop, ]„ric region, >0 per cent on the lesser curve, and 4 per cent on the greate! 
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the remaining 1 1 per cent being found at either cardia or fundus Oppolzer (1938) 
summarising 837 cases of gastric carcinoma found 54 per cent to be prepyloric, 
29 per cent on the lesser curve, 7 per cent at the cardia, 2 per cent on the greater 
curve and 7 per cent to involve the entire stomach The Singapore figures are 
thus substantially similar 

Gross metastasis was very common, being present m almost every case The 
commoner sites were the regional nodes m 54 per cent , the liver, by blood spread, 
m 33 per cent and, by direct extension, in 10 per cent , the omentum m 20 per 
cent , the para-aortic nodes mil per cent , the pancreas, lung, bone and brain 
each m 5 per cent High as these figures are, they are considerably lower than 

8 % 



Fig 1 — The site incidence of carcinoma of the stomach in Chinese males and females 


those of Stout (1943) Ovarian metastases were seen in 37 per cent of the females 
Indeed, m one pregnant Chinese woman aged 40 years, the left ovary measure 
28 by 16 by 10 cm , and weighed 2250 g , the right being approximately half t is 
weight Perforation of the malignant ulcer was observed in 25 eases (15 per cent), 
ascites in but 11 (7 per cent) , 

The returns of the Registrar-General, Singapore, show carcinoma of the stomac 
to be the commonest malignant tumour, accounting for one fifth of all dea b 
from malignant neoplasm Marsden (1958) states that m Malaya the true inci- 
dence must be about 15 per cent These figures are similar to those for the U o 
where, in 1948, 12 6 per cent of all cancer deaths were due to a gastric carcinoma 
Great stress has been laid on the frequency of gastric carcinoma m the Chinese 
as compared with the Malay, particularly in Java and Sumatra In this series 
there were but two Malays (1 2 per cent) with gastric carcinomata However, 
m Marsden 's (1958) material the respective relative incidence for Malay, Chinese, 



MALIGNANT DISEASE OF GASTRO-mTESTINA L TRACT 


601 


and Indians was 32 per cent, 36 per cent and 40 per cent of gastro -intestinal 
tumours, although on a population basis the relative incidence would be 5 per 
cent, 42 per cent and 63 per cent It seems likely, m view of the strong aversion of 
the Malay to surgery, that the true relative racial incidence may m fact be much 
closer 

However, in a series of 1301 post-mortems on Chinese males, and 11S9 on 
Javanese males, ICouwenaar (1951) found 120 and 59 malignant tumours respec- 
tively Forty-six (38 per cent) of the tumours m Chinese were m the gut (oeso- 
phagus 24 per cent, stomach 67 per cent, colon 7 per cent, rectum 2 per cent), 
whereas there were only four in the Javanese These figures, and others quoted by 
Kouwenaar (1955), rather suggest that there is a true racial difference in the 
incidence of these tumours It will be noted that the figures for the Indonesian 
and the Smgapore Chinese correspond closely 

In this senes, if the incidence for male Chinese and male Indians + Pakistanis 
be compared with the mean male population for these races over the 11 years, 
then the relative incidence is virtually the same 


Small gut 

There were eight tumours of the small gut representing 2 6 per cent of the 
intestinal malignancies Four of these all in males, were lymphosarcomata , 
the fifth in a female aged 38, was a sarcoma of doubtful origin , the sixth, m a 
male aged 30 years was due to Hodgkin’s disease , the remaining two were adeno- 
carcmomata occurring in a male aged 48 and a female aged 39 years All were 
m persons of Chinese race 


Colon 


In this series there were 35 colonic cancers 13 males (37 per cent) and 22 females 
(63 per cent) Of these, all but two were in Chinese 

The average age at death of the males was 52 3 ^ 12 8 years and of the 
females, 56 9 i 9 3 years (A girl aged 9 years is excluded from this figure ) 

The peak decade of mcidence was, 50-59 for males and 60-69 for females 
Although the numbers involved are small there appears to be a sex difference 
m the site of the tumours as well This is shown pictonally m Fig 2 The sites 
are different to those found by Thompson (1957) m London 

Metastases were common Fifty per cent of cases showed involvement of the 
regional nodes, 17 per cent extensive spread to local tissues, 1 1 per cent to the liver, 
and 6 per cent to the lungs Carcinomatosis was seen in 6 per cent Perforation 
was present in 46 per cent of cases and a major degree of intestinal obstruction 
in a similar proportion 


The rarity of carcinoma of the colon in South East Asia has been commented 
on by Moore (1953) who spent five weeks in the region gathering the impressions 
of clinicians and pathologists 

Although m other reported senes (Bacon, 1945) the sex incidence has been 
M/F 1 2 1, m Singapore the ratio is 0 6 1 This disparity is all the more striking 
if it be noted that for the other gastro-mtestmal tract tumours the ratio is 6 1 
Marsden (1958) found carcinoma of the colon to account for 15 per cent of nastro’ 
intestinal carcinomata He noted that there appeared to be no racial difference 
m mcidence and that the M/F ratio was 15 1 ' ' 
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Rectum, 

In this senes there were 13 rectal cancers, 9 in males (69 per cent) and 4 m 
females (31 per cent) 

For the eight Chinese males the average age at death was 53 4 ± 13 2 years 
and for the four Chinese females 54 3 Hb 112 years 

Metastases were common to local tissues 46 per cent , to regional lymph 
nodes 62 per cent , to the hver 31 per cent and to the lung 23 per cent Occlusion 
of the rectum was noted m 30 per cent Most tumours were stated to he about 
5 inches (12 7 cm ) from the anal margin 



Fig 2 — The site incidence of carcinoma of the colon m Chinese males and females 


DISCUSSION 

It is of some mterest to compare the post-war incidence of these tumours 
with pre-war figures , 

Although most of the records of the Department of Pathology were destroy e 
during World War II, it has proved possible to trace a few charts and papers 
relating to a paper read at a scientific meeting by Dr C Subrahmanyam, la y 
Senior Pathologist, Singapore , 

In 1937, 1939, 1940 and 1941, 383 post-mortems on persons having died witn 
malignant disease were performed at Tan Took Seng Hospital (Tins ms i u ion 
was at that time a teaching general hospital, but during the period covere y 
tins paper has been a tuberculosis samtonum ) Of these, 145 (38 per cen ) were 
gastro-mtestmal, and of this 145, 43 per cent were oesophageal, 51 per cen 
gastric, and 6 per cent were found m the rectum and colon 

The late Dr J C Tull, sometime Senior Pathologist, Singapore, providea 
comparative data for a paper by Bonne (1937) on the relative incidence o ma ig 
nancy m the then Dutch East Indies In a total of 128 cancers, 50 were gas ro 
mtestmal Of this 50, 30 per cent were oesophageal, 58 per cent were gas nc, an 

12 per cent were described as rectal , , , 

It would thus appear that whatever may be causmg the increased a so u 
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incidence in cancer, the relative proportions of the various gastro -intestinal 
tumours have remained, by and large, much the same 

In the U S A Boles (1968) has noted a gradual decline m the incidence, both 
absolute and relative, of gastric carcinoma, with an increased incidence of tumours 
of the colon 

A comparison of the Singapore figures for gastro-intestinal neoplasms with 
those for England and Wales and the USA is given in Table V The increased 
Singapore mcidence of oesophageal, and to a lesser extent gastric neoplasms, 
and the dimini shed proportion of those in the colon and the rectum seems much too 
large to be fortuitous 

Table V — Comparison of the Relative Percentage Incidence of Castro-Intestinal 
Tract Malignant Neoplasms, based on the Figures of the Registrar-General, 
Singapore, for 1962-58 inclusive, the Figures of the Registrar-General, England 
<£ Wales, for 1940-42 ( Kennaway , 1960) and those of Boles, (1958) for theU S A 


m 1955 

Sit© 

Singapore 

E and W 

USA 

Oesophagus 

23 2 

7 2 

7 0 

Stomach 

59 5 

41 9 

35 0 

Small gut 

0 4 

0 6 1 

}> 40 4 

Large gut 

8 7 

30 9 J 

Rectum 

8 2 

19 3 

17 6 

Percentage all malignant neoplasms 

33 8 

47 5 

40 0 


Marsden (1958) eliminated the effect of the age structure of the Malayan 
population, winch is very like that of Singapore, by plotting against the various 
age groups an mdex number derived from the ratio of cancer in each age group 
to the population m that age group each expressed as a percentage Fig 3 shows 
the age distribution of gastro-intestinal tract malignancies, corrected for popula- 
tion structure by this device The graph follows Occidental figures fairly closely, 
although the small number of old people m the population has some effect on the 
width of the curve, the maximum incidence thus being m middle age 

Tempting though it may be to compare the Singapore figures noth those 
reported from neighbouring territories m South-East Asia, such comparison 
is at best extremely crude Oooray (1954) has pointed out the difficulties m 
coming to a reliable estimate of cancer deaths m Ceylon, even on the basis of 


post-mortem figures, as only 6 per cent of hospital deaths come to post-mortem 
The figuies of the Registrar (Ceylon) are also open to criticism as many deaths 
are certified by samtary inspectors (Padlejy not jot published) Biopsy figures for 
Ceylon are much moie complete, but show u hat seems an unduly high proportion 
of rectal carcinomata, perhaps because such tumours are much more readily 
reached with the biopsy forceps TInee per cent of 1S15 malignant biopsies 
vere gastro-mtestmal , oesophagus IS per cent, stomach 13 per cent, small 
intestine 4 per cent, colon 24 per cent, and rectum 40 per cent In South Vietnam 
a similar ‘ cancerogramme ” obtains (Joyeux and Nguyen-Van-Nguyen, 1953 
Ngir\en-Yan-Ai, 1958) Of 3118 cancers 2 5 per cent took origin m the gut* 
oesophagus 2 per cent, stomach 24 per cent, small intestine 13 per cent colon 
Hi per cent and rectum 45 per cent While such figures are a necessary pre- 
hmman m the investigation of the malignant epidemiology of a region, they may 
veil differ considerable from the true mcidence Subrahmanyam (1953) records 
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Singapore biopsy figures for 1950 and 1951 In 595 mabgnant biopsies there were 
54 from the gut , oesophagus 20 per cent, stomach 28 per cent, colon 28 per cent, 
and rectum 24 per cent These values are at complete variance with the hospital, 
autopsy and Registrar-General’s given m Table III 



Fig 3 — The age distribution of gastro intestinal malignant neoplasms 
corrected for population structure 

Per cent cancer i n each age group 
n ex num er p er cen ^ population m that age group 


SUMMARY 

The morbid features of a post-mortem senes of 304 gastro-intestmal malignant 
neoplasms seen in Singapore over the years 1948-58 inclusive are descn e 

The post-mortem mcidence of these tumours is found to be oesop agu 
27 6 per cent , stomach 53 9 per cent , small intestine 2 6 per cen , co 
per cent , rectum 4 3 per cent Companson with hospital admission an 
rates and with the figures of the Registrar-General, Singapore, for e 

tumours, reveals a remarkable similanty . r 

Companson of the figures of the Registrar-General, Singapore, wi • 
data from England and Wales, and the USA shows an increased frequency 
of oesophageal malignancies and a diminution of mcidence of co oruc an 

Attention is drawn to the population and racial structure °f ^ 

some of the fallacies attendant upon companson of mcidence of disea e 

racial groups are noted Q 

The mcidence of all malignancies has nsen from 12 6 m 1906-10 P 
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100,000 population in 1952-6 No opinion can be given as to whether this rise 
is real or apparent 

Over the years it appears that the relative incidence of the various gastro- 
intestinal tract tumours in post-mortem material has remained fairly constant 
I wish to thank Professor R Kirk for kind help and encouragement, my 
colleagues in the "University and Government Departments of Pathology for access 
to their post-mortem notes, Mr E J Phillips, Registrar-General, Singapore,, 
for certain data, and Mr Darnel Liu for assistance with the calculations 
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A reduced degree and frequency of aortic atherosclerosis have been reported 
in patients with cancer compared with non-cancer controls (Foldes, 1949 , 
Wanscher, Clemmesen and Nielsen, 1951 , Juhl, 1955 , Creed, Baird and Fisher, 
1955 , Elkeles, 1956) These observations have been made both on autopsied 
groups (Wanscher, Clemmesen and Nielsen, 1951 , Juhl, 1955, Creed, Baird 
and Fisher, 1955) and on groups of living patients (Foldes, 1949 , Elkeles, 1956) 
However, since death from cancer frequently follows prolonged malnutrition 
and starvation, conditions favoring remission of atherosclerotic lesions, con- 
clusions relative to this hypothesis are open to question when based on autopsy 
observations On the other hand, Elkeles (1956) used roentgenologic diagnoses 
of calcification of the abdominal aorta to study the hypothesis in living patients 
This seemed reasonable smce it has been shown that there is a high correlation 
between roentgenological and pathological findings (Hyman and Epstein, 1954) 
Elkeles confirmed the hypothesis that there is a dissociation between cancer and 
aortic atherosclerosis m general and extended it to include the concept that this 
dissociation holds primarily for cancers which are influenced by genetic elements 
or are hormone dependent but not for those caused by exogenous carcinogenic 
agents Unfortunately, the control groups utilized by Elkeles were drawn I 1 " 0 ! 11 
general hospital populations and might well be selected with respect to the 
prevalence of a-ortic atherosclerosis 

Smce these observations may be of importance as an indication of the influence 
of various metabohc and hormonal factors on cancer and atherosclerosis, we 
thought it would be of interest to try to confirm them on a population of patients 
admitted to the Roswell Park Memorial Institute, a cancer hospital She 
advantage of this patient population is that, despite the fact that all patien s 
admitted to the hospital have a suspect diagnosis of cancer, nearly half of ■ e 
admissions are ultimately shown to be free of cancer This latter group o 
patients serves as a “ control ” for comparison with the cancer group 


METHOD OP STUDY 

As the study population, we selected 1462 consecutive admissions of white 
patients forty or more years of age during 1955 All patients had a posterior 
anterior chest radiogram on admission , these were utilized for a diagnosis o 
aortic atherosclerosis X-ray film s on 1405 (96 per cent) of the study group v ere 
located The radiologist (R L) read these films with respect to presence of athero 
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RESULTS 

Of the 1406 patients included in the study, 826 (59 per cent) ultimately were 
diagnosed as having cancer Of the total sample 653 (46 per cent) were males and 
753 (54 per cent), females The age distributions of patients according to sex 
and presence or absence of cancer aTe given in Table HI Smce there are differ- 
ences between the age distributions of the males and females, both with and 
without cancer, it was necessary to take age into account in all comparisons 
between cancer patients and non-cancer patients , this was done by computing 
age-standardized percentages using the direct method of standardization 


Table HI — Age Distribution According to Sex and Presence or 



V ” if 

Absence of Cancer Diagnosis 

Cancer present Cancer absent 

A A 

Total 

A 


< 

Number 

1 

f 

Number 

' 

r 

Number 



of 

Percentage 

of 

Percentage 

of 

Percentage 

Age 

individuals 

distribution 

individuals 

Males 

distribution 

individuals 

distribution 

40-49 

46 

11 0 

49 

20 8 

95 

14 5 

50-59 

110 

26 4 

65 

27 5 

175 

26 8 

60-69 

131 

31 4 

68 

28 8 

199 

30 5 

70 and over 

130 

31 1 

54 

22 9 

184 

28 2 

Total 

417 

99 9 

236 

Females 

99 9 

653 

100 0 

40-49 

94 

23 0 

123 

35 8 

217 

28 8 

50-59 

96 

23 5 

99 

28 8 

195 

25 9 

60-69 

112 

27 4 

71 

20 6 

183 

24 3 

21 0 

70 and over 

107 

26 2 

51 

14 8 

158 

Total 

409 

100 1 

344 

100 0 

753 

100 0 


In all previously published studies a difference between the overall frequencies 
of atherosclerosis among cancer patients and controls has been reported ouci 
a difference is not found in the present study Table IV shows the age-spec c 
proportions with radiological evidence of aortic atherosclerosis for both ma es 
and females with and without a diagnosis of cancer For each age and sex hese 
percentages are essentially the same for patients with cancer and for pa ien s 
without cancer The age-adjusted percentages for males are 18 5 among e 
cancer patients and 18 7 among the non-cancer patients, and for females they are 
24 8 for cancer patients and 23 5 for non-cancer patients It is interesting a 
the percentage atherosclerotic for each age group among both the cancer an 
non-cancer patients is greater for females than for males with the exception o e 
non-cancer group aged 50-59 This is in partial agreement with the observa ion 
of Elkeles (1957) that atherosclerosis of the abdominal aorta is more common 
among older women than among men of the same age 

In Tables V and VI data for atherosclerosis of the thoracic aorta are presented 
according to sites and sex Tables V and VI also indicate the difference e ween 
the age-adjusted percentages atherosclerotic for each of the site designations an 
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Table IV — Radiological Evidence of Calcification of the Thoracic Aorta 
According to Age, Sex, and Presence or Absence of Cancer 


Cancer present 

A 

Cancer absent 

- -Aw— — __■» . . 

f * \ 
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r 1 i 
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40-49 

46 
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49 

— 

— 
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11 

10 0 

65 
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12 3 
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131 

27 
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68 

15 
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70 and o\er 
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38 5 

. 54 
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3S 9 
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417 

90 

21 6 

236 

44 

18 6 
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— 

— 18 5 

Females 
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18 7 

40-49 

94 

7 

7 4 

123 
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50-59 

96 

14 

14 6 

99 

11 

11 1 

60-09 

112 
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24 1 

71 
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70 and o\er 

107 

5G 

52 3 

51 

24 

47 1 

Total 

409 

104 

25 4 

344 

62 

18 0 

Ago adjusted* 

— 

— 

24 8 

— 

— 

23 5 


* Adjusted to ago distribution of all males and females 


for the non-cancer control group No striking differences between the age- 
adjusted percentages atherosclerotic of patients with cancer of various sites and 
controls are noted The largest difference ( — 10 per cent) is for white females 
with sites not specifically enumerated On the other hand, for cancers of the 
buccal cavity and pharynx among males the difference is positive that is cancers 
exceed controls by 0 per cent Of the 14 comparisons m both sexes, atherosclerosis 
is more frequent among cancer patients m 7 and less m 7 


T\ble V — Age-adjusted Percentages of Patients with Radiological Endence of 
('alcifcatwn of Thoracic Aorta by Grouped Cancer Sites and Percent Difference 
Belu cen Cancers and Controls, White Males 
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Table VI — Age-adjusted Percentages of Cancer Patients with Radiological Evidence 
of Calcification of Aorta According to Site and Percent Difference Between 
Cancer Groups and Controls, White Females 



Int 



List 

Number 

Site 

numbers 

observed 

Digestive organs and peri- 

150-159 

42 

toneum 



Breast 

170 

117 

Cervix uteri 
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75 

Corpus uteri 
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27 
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24 

Skin 

190-191 

30 

All other sites 

— 

94 


With calcification 

Differences in 

< 

-A 

\ 

age adjusted 



Age 

per cent, 


Per 

adjusted 

cancer patients 

Number 

cent 

per cent 

minus controls 

16 

38 1 

30 8 

+ 7 3 

35 

29 9 

30 3 

+ 6 8 

16 

21 3 

28 3 

+4 8 

8 

29 6 

27 3 

+ 3 8 

8 

33 3 

19 9 

-3 6 

8 

26 7 

20 7 

-2 8 

13 

13 8 

13 7 

-9 8 


According to Elkeles (1956), aortic atherosclerosis is particularly infrequent 
m patients with gastric carcinoma (7 per cent), carcmoma of the breast (14 per 
cent), and prostate (10 per cent) On the other hand, he indicates that the 
occurrence of aortic atherosclerosis is the same m patients with cancer of ' the 
respiratory tract (38 per cent) and controls (37 per cent) In the Roswell lark 
senes there were 15 patients with cancer of the stomach, and of these 3 ( per 
cent) showed evidence of aortic atherosclerosis There were 117 patien s wi i 
cancer of the breast, of whom 35 (30 per cent) showed evidence of atherosclerosis 
There were 16 patients with cancer of the prostate and 5 (31 per cent) o es 
showed aortic atherosclerosis Groupmg cancer of the buccal cavity, p ^ynx, 
larynx, trachea, bronchus, and lung together yields 140 cases, ot w uc j 
per cent) had evidence of aortic atherosclerosis These data do not SU PP 
contention that particular cancer sites are relatively free of aortic atnerosc e 
In his studies of the dissociation between atherosclerosis and cancer, 

(1956) used radiological evidence of calcification of the abdomina aor a as 
mdex of atherosclerosis, smce the abdominal aorta is usually the site o 
and most severe manifestations of aortic atherosclerosis Since vanousp 
of the arterial system show different atherosclerotic manifestations, ^ , 

unoorrelated, our observations of the thoracic aorta are not rea y f* , 
with observations of the abdominal aorta Of the 1462 patients mo ’ 

scout films of the abdomen were available on 509 (35 per cen ) , ’ 

115 abdominal radiograms were available for comparison with pa 
noses In Table VII the radiological diagnosis of abdominal 
is compared with the pathological diagnosis of abdominal a ero > j erogis 

the basis of routine scout films of the abdomen, the diagnosis £ or t j ie 

of the abdominal aorta is shown to be somewhat less sensi * oracles i e 

thoracic aorta Only 11 per cent of patients with e ® radiological 
grades three and four, aortic atherosclerosis were discover ? specific 
examination of the abdomen Nevertheless, the technique was lughly spec^ 
smce none of the aortas graded zero or one by the pathologis 

sclerotic by the radiologist abdominal aorta for 

In Table Vm the frequencies of atherosclerosis of the abdominal d ^ 

cancer patients are compared with the control group These patients 

show any notable dissociation of aortic atherosclerosis betw 
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Table VII — Comparison of Radiological Determination of Calcification of the 
Abdominal Aorta and First Pathological Diagnosis of Aortic Atherosclerosis 


Gradod pathological diagnosis 
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— 
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1 

3 2 

2 

5 3 

0 

19 2 

Absent 

2 

100 0 

IS 

too 0 

30 

96 8 

36 

94 7 

21 

80 8 

Total 

2 

100 0 

18 

100 0 

31 

100 0 

38 

100 0 

26 

100 0 


and non-cancer patients For both sexes combined, the difference between the 
age-adjusted percentages with atherosclerosis is 7 per cent, with cancer patients 
showing more evidence of atherosclerosis than controls Unfortunately, the 
number of patients was not sufficient for comparisons by each cancer site 


Table VIII — Radiological Evidence of Calcification of Abdominal Aorta According 
to Sex and Presence or Absence of Cancer, Total Percentages and Age-adjusted* 
Percentages 

Cancer present Cancer absent 

/ * N * 


With calcification 


With calcification 


Sox 

Number 

r 

A- 

' 

Age 

adjusted 

Number 


-A 

* — * 

Age 

adjusted 

obsorr ed 

Number 

Per cent 

per cent 

obsen ed 

Number 

Per cent 

per cent 

Male 

1C2 

31 

19 1 

17 4 

78 

7 

9 0 

9 0 

Fcmalo 

174 

25 

14 4 

15 5 

95 

9 

9 5 

10 2 

Total 336 56 10 7 16 4 

* Adjusted to age distribution of all males and females 

173 

16 

9 2 

9 6 


It is of interest to compare our foldings and those of Elkeles (1056) with 
respect to calcification of the abdominal aorta among cancer patients Since he 
published age-specific percentages, it has been possible to age-adjust Ins data and 
ours for comparison When this w as done, the frequency of aortic atherosclerosis 
among the cancer patients observed by Elkeles was the same as that observed at 
the Roswell Park Memorial Institute, namely, 16 per cent We were also able 
to compare the percentages with atherosclerosis of the abdominal aorta m the 
contro 1 group m Elkeles’ and the present senes Elkeles found atherosclerosis 
of the abdominal aorta among 35 per cent of his controls, while at the Roswell 
1 ark Memonal Institute 10 per cent showed atherosclerosis These comparisons 
W S T ff th ° dlfrei y nces between our findings and those of Elkeles may be 
i , !° in the types of patients used as controls However since 

Elkeles took special pains to diagnose calcification of the abdominal aorta the 
ohscnation of a similarity between the occurrence of tins finding in o’ 
series and our, may md.catc an increased frequenm onheeo^LZ^r 

whom no special effort was made to obtain rafoogiWs for the diZnl If t T 
nun \] aortic calcification a tunguosis of abdo- 
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would be expected to be more frequently represented in general hospital admis- 
sions than m the general population 

It must be admitted that the difference in results between this study and 
that of Elkeles may reflect other factors whose frequencies differ in the United 
States and England However, we think that this is an unlikely explanation 
Unfortunately, the present study does not adequately answer the question 
as to whether there exists a dissociation between the occurrence of coronary 
artery disease and cancer This more fundamental problem probably reqmres 
a prospective study A satisfactory answer could only be obtained by observing 
the occurrence of manifest coronary disease m a group of patients with various 
types of cancer and in a control group followed prospectively Comparison then 
of the frequencies of coronary disease m these groups would provide the answer 
with lespect to the dissociation hypothesis 

SUMMARY AND CONCLUSIONS 

1 The frequency of atherosclerosis of the thoracic and abdominal aorta has 
been determined radiologically in a group of cancer patients and non-cancer 
patients 

2 Posterior-anterior thoracic radiograms are highly specific in mdicatmg the 
presence of calcification of the aorta while scout films of the abdomen are some- 
what less sensitive but also highly specific 

3 The frequency of calcification of the thoracic aorta and of the abdommal 
aorta has been shown to be essentially the same m cancer and non-cancer patients 
The percentages of cancer patients with radiological evidence of atherosclerosis 
of the aorta is essentially the same for various types and sites of cancer 

4 The previously reported observation that there is a dissociation between 
atherosclerosis of the aorta m cancer patients and non-cancer controls is not 
confirmed m the present study 

The authors wish to express their appreciation to Dr J E Don d and Dr S 
Rodbard for their comments and suggestions and to Dr Shale Brownstem for his 
assistance m collection of data 

This study was aided m part by a grant from the American Cancer Society 
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Metaplastic bone formation in benign mesenchymal tumours is occasionally 
seen, as for example m fibromas and synoviomas (Evans, 1966 , Willis, 1948), 
and in lipomas (Plaut, Salm and Truseott, 1959) Ossifying malignant neoplasms 
outside the skeleton have been recorded in many organs, but malignant osteogenic 
tumours arising primarily in the soft tissues are exceedingly rare Erne and 
Stout (1966), who reviewed this subject, found only one such case amongst their 
own material of over 166,000 specimens They were able to trace 34 primary 
osteogenic sarcomas of soft tissue m the literature, to which they added their own 
and a further 11 referred cases, making a total of 46 cases Yet m only 9 of these 
does the record include a post-mortem examination It is the purpose of this 
paper to present a complete record of such a case who was followed up closely 
since his first attendance 


Case History 

The patient, a farmer aged 61 years, presented himself m February 1958 with 
a large, raised, fungating mass above his left iliac crest He had been aware ol it 
for the past 18 months and decided to seek medical advice only after seeing a 
television series eulogizing medical skill No evidence of metastatic spread was 
found in inguinal lymph glands and lungs Radiologically the growth appeared 
to contain bone, but was not connected with the skeleton The tumour was 
easily excised , it was embedded entirely in the soft tisues of the left lom an 
nowhere attached to or near to the iliac bone His wound healed well, bu in 
July 1958 he had a haemoptysis and small secondaries were visualised for ie 
first time on radiological examination of his lungs He soon started to ose 
weight, continued to have haemoptyses and his pulmonary secondaries stea y 
enlarged Left-sided inguinal glandular metastases developed from Oc er 
1958 onwards, ultimately attaining a large size with erosion of the overlying s 
In January 1969 the serum alkaline phosphatase was found to be raised o 
units His condition continued to deteriorate and he died of cachexia in ugus 
1959, 18 months after excision of the primary growth and after a total ness o 
about 3 years 

Operation specimen 

The excised mass measured 15 x 9| x 8 cm and was covered at one aa P ea 
by a spindle-shaped piece of skin This was bearing a broadly sessi e, ar 
brown, patchily haemorrhagic tumour, measuring 6 cm in length an raise 
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4 cm above the skin surface On slicing the growth was seen to extend up to 
6 cm into the underlying fat tissue (Fig 1) The excision had just cleared its 
lower margin Parts were necrotic The better preserved areas were greyish 
m colour and firm-elastic in consistency Several small scattered bony areas 
were noted as well as one large, excentncally placed, sohd bony mass, measuring 

5 X 31 cm , which necessitated sawing 

Necropsy 

This was performed 10 hours after death The operation scar was free from 
recurrence Large, necrotic glandular masses were present m the left grom, 
covered by ulcerated s kin and situated entirely within the inguinal soft tissues 
Both lungs contained many secondary deposits (Fig 2), measuring from 2 to 10 
cm across, which varied in consistency from soft to that of cartilage, and some 
were almost sohd bone An occasional pulmonary metastasis had grown mto 
the bronchial lumen in polypoidal fashion causing partial obstruction The 
hilar lymph glands were not mvolved The pancreas contained 3 small ossified 
metastases measuring 1 cm in diameter, and a single larger, soft secondary, 
measuring 3| cm across Five pedunculated or broadly sessile metastases w r ere 
found m the" lower half of the duodenum and upper jejunum (Fig 3), measuring 
from 1 to 5 cm across , two were hard and one of these had to be bisected with 
the help of a saw The brain contained a smgle, small, depressed metastasis 
in the cortex of the right fronto -parietal region, and a further small pedunculated 
deposit was found on the right parietal pleura The skeleton wns not involved , 
m particular a detailed examination of vertebral column, sacrum, wing of left 
ileum and left pubic ramus failed to show any evidence of tumour growth 

An alkaline phosphatase estimation, using heart blood, gave a reading of 
140 units 


Histology 

Five blocks were cut from the operation specimen and 28 from the necropsy 
material The microscopical features of both primary growth and secondary 
deposits were very similar In the soft areas the tumour had the appearance 
of a rapidly growing pleomorphic sarcoma with many tumour giant cells and 
abnormal mitoses, growing either m diffuse sheets or displaying a fasciculated 
airangement (Fig •!) In many sites the growing margms were sharply defined 
(Fig f»), m others the neoplasm infiltrated diffusely mto the surrounding sub- 
cutaneous fat or adjacent alveoli The presence of mtrabronchial growth was 
confirmed the bronchial walls had been replaced, but the bronchial cartilage 
and epithelium tended to be spared (Fig G) In the original growth as well as 
m mam secondaries of lung and in the pancreas the tumour showed much osteoid 
tissue and bone, jiarticularh dense bone jia\mg been formed In one of the pan- 
el eat 10 metastases (Fig 7 and 8) Frequenth the bony trabeculae were imested 
with rows of malignant osteoblasts (Fig 0) In addition small areas of malignant 
t irtihge were also m cadence and some of these were undergoing ossification 
at heir margin* Transformation of sarcomatous tissue into malignant cartilaee 

nrt.h! f ft B V n, ’ m arC ? S , WherC th,s Mns P rcccnt adjacent to normal bronchial 
W each othor ’ g " n,t ' l, S nal,t tissues Here easily distinguishable 
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DISCUSSION 

The present case appears to conform with many features brought out by Fine 
and Stout m their 1966 review The average age of sufferers from extraskeletal 
osteogenic sarcoma of soft tissues is higher than that of osteosarcoma of bone 
and most patients are over 30 years of age On the whole males appear to be 
affected more often than females and the extremities are involved more often 
than the trunk Most tumours proved to be very malignant, the average 5 -year 
cure bemg a little less than 9 per cent Fine and Stout made the arbitrary dis- 
tinction between osteolytic and osteogenic types, but emphasise that the quantity 
of bone present and the numbers of mitoses do not indicate the degree of malig- 
nancy nor the likelihood of metastases In the present case anaplastic and 
osteogenic areas alternated with each other both m the primary growth and in 
the metastases The lungs are the most common site of secondary spread, but 
m several mstances widespread dissemination was recorded Formation of 
malignant cartilage was noted in several mstances 

Osseous metaplasia is known to occur in reparative tissue, myositis ossificans, 
skin and other sites, and has been found m benign mesenchymal tumours, in the 
stroma of epithelial neoplasms and also in primary malignant mesenchymal 
growths In all these tumours the tissues had no connection with bone and the 
sites precluded the presence of avulsed periosteum or osteoblasts Bone forma- 
tion must be regarded as due to divergent differentiation of the mesenchymal 
tumour cells themselves This is m no way surprising Whilst, as Wilhs (1948) 
has pointed out, the cell type of several kmds of mesenchymal tissue tends to be 
perpetuated m their tumours, when cells of mesenchymal origin multiply they 
can reacquire embryonic properties and redifferentiate m aberrant directions 
Thus, in extraskeletal osteogenic sarcoma the proliferating tumour cells do not go 
on to produce, for example, collagen but differentiate into cartilage, osteoid an 
bone This plunpotential property of the proliferating mesenchymal cell is mos 
likely also the explanation of the so-called mesenchymoma, a term used to design- 
ate benign and malignant neoplasms made up of two or more types of mesenchyma 
tissue (Stout, 1948 , Symmers and Nangle, 1957) 


EXPLANATION OE PLATES 

Fig 1 — Cross section through, soft part of the primary growth showing haemorrhagic 
appearance and large “ submerged ” part Small part projecting above skin su o 
About x | 

Fig 2 — Cut surface of left lung showing multiple secondary deposits About X J 
Fig 3 — Two polypoidal jejunal metastases Slightly reduced _ 

Fig 4 — Primary growth Anaplastic sarcomatous area with tumour giant cells ac 
toxyhn and eosin. X 90 » 

Fig 5 — Primary growth Fairly sharp demarcation towards subcutaneous iat ( o 1 
Malignant cartilage at top left, osteoid formation at bottom right Haematoxy m 
eosui x 60 

Fig 6 — Pulmonary metastasis Bronchial cartilage enveloped by anaplastic sarcoma 

bronchial epithelial lining is still largely intact Above malignant cartilage ana ca c y g 
osteoid Smaller islet of malignant cartilage below Haematoxylin and eosui X 
Fig 7 — Pancreatic metastasis showing dense bone formation Malignant osteo as 
lacunae Haematoxylin and eosin X 60 „ 

Fig 8 — Pancreatic metastasis Trabecular o 3 teoid pattern Haematoxylin an 

Fig 9 — Primarj growth Ossifying osteoid trabeculae with malignant cartilage at top 
Haematoxj lin and eosin x GO 
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But although the histogenesis of osteogenic sarcoma of soft tissues can be 
readily explained along these lines, they are uncommon tumours and as such 
worthy of note 


SUMMARY 

A case of osteogenic sarcoma of the extraskeletal soft tissues of the loin is 
recorded, with widespread bone-formmg metastases studied at necropsy 

The histogenesis of this type of growth is discussed and it is concluded that 
these tumours arise due to aberrant differentiation of the multiplying malignant 
mesenchymal cell 

My sincere thanks are due to Professor R A Wilks for confirming the diagnosis 
and reading the manuscript I am indebted to Air T M Reid for the surgical 
details and to Dr C B O’Carroll, the patient’s practioner, for his help and co- 
operation I am grateful to Miss Phyllis E Coleman for the photographic work 
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carom °S ens producing lung carcinoma m man areemc, 
rsmalTfraSfouT’ ?, hr0miUm > mokeI “ d '““mng agents can account for only 
tte“ Istebthons °““ ° 0CUmng ’ be0aMe * heSe agents are “ 

3 4-benzpyrene a well known experimental caromogen for epidermis 

W, H,x i'nef ,C n S8Ue ’ ’, r ' en fomld m tobacco smoke (Cooper, Lmdsay and 
Waller 1964 , Cooper and Lmdsay, 1965 , Seelkopf, 1956) and in the air of 
populated areas especially town air (Waller, 1952, Kotm, Falk, Mader and 
Ibomas 1954 Stocks and Campbell, 1955 . Campbell and Clemmesen, 1956, 
C ,i i in< ^ K re yberg, 1956), the view has been advanced by numerous students, 
a -benzpyrene is the important factor m the increase in lung carcinomas 
in recent years, especially among males m towns 

Stocks and Campbell in their paper even attempted to calculate the respective 
role o± 3 4-benzpyrene from the two sources Such calculations are, however, 
o restricted interest because the cases of lung tumours used for the calculations 
were mainly based upon death certificates and the histological typing ignored 
ihe latter point is of special importance when the absolute number of cases is 
ow, as is the case m rural districts m Norway (Kreyberg, 1959) It may be of 
considerably lesser importance in England and Wales, where the lung cancer 
incidence is high, even in rural districts 

In the rural areas not only the amount of 3 4-benzpyrene in the general air 
is lower than m more densely populated areas and towns, but the number of special 
ac ones and industrial plants producing carcinogens are also fewer A certain 
consideration should therefore be paid, when lung cancer frequency m urban 
an rural areas are compared, to the occupation of the victims 

It may be that some of the lung cancer patients in the rural districts have been 
exposed to important concentrations of carcinogens during their working hours, 
m spite of living m an air little polluted generally With the increasing dispersion 
of mdustry in countries with ample access to water-power (and in the future to 
atomic power) an increasing population will work in factories with polluted air, 
m areas administratively designated as “ rural ” 

Under these circumstances a study of the occurrence of 3 4 -benzpyTene m 
industrial plants should be of some interest 

Gasworks naturally present themselves for study, because gas fumes contain 
benzpyrene, and statistical evidence points m the direction that lung cancer occurs 
more frequently among gas workers, than m the general population (Kuroda 
and Kawahata, 1936 , Kennaway and Kennaway, 1947 , Doll, 1952) 
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Another source of air, polluted with 3 4-benzpyrene, came to my attention 
some years ago, when a paper by Livmgston (1953) described warts appearing 
on the hands, arms, ankles and face of workers connected with the Sederberg 

furnace in an aluminium factory in England 

At the same time I had the opportunity to examine a tar developed during 
aluminium production in a Norwegian factory The tar showed a very lngh 
oarcinogemc potency when painted on the skin of mice, and by chemical analysis 
the tar was shown to contain 1 per cent 3 4-benzpyrene 

During the aluminium production fumes from such tars will in varying amount 

pollute the air of some parts of the factory . 

On this background I sought contact with the gasworks of Bergen (director 
B Paulson) and Oslo (director W Eckhoff), as well as with the Norwegian State- 
owned and controlled aluminium factories (director Aa W Owe) 

The two directors of the gasworks readily gave their full support The 
director of the aluminium factories, however, flatly refused co-operation on 
similar terms My application for permission to study the air in the privately 
owned A/S Elektrokemisk, which holds the rights of the Soderberg electrode was, 
however, immediately generously granted by the director-general G Hagorup 
Larasen, and the director of Fiskaa Verk J G orrissen, and all facilities extended 
Gasmeters equipped with filter papers were installed in the plants at repre- 
sentative sites where the workers would be regularly employed, as described m a 
previous paper (Campbell and Kreyberg, 1956) 

The filter papers were most kindly examined by Mr B T Commins at the 
« Group for Research on Atmospheric Pollution ”, St Bartholomew ’s Hospital, 
London 

The results of the investigations of the three industrial plants are summarized 
m Table I For comparison figures from the air of some towns m England and 
Wales arc gnen, quoted from Commms (195S) 


Tuile I — The Content of Hydrocarbons in the Air in gg pei 100 m 3 
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For further comparison, the seasonal changes of 3 4-benzpyrene m the air 
m towns of England and Wales and m Norway are presented in Fig 1, quoted 
from the paper of Campbell and Kreyberg (1956) 

The first comment to these findmgs is to stress that they do not at all intend 
to give a complete picture of the air pollution m such plants The report actually 
represents a pilot study and should be followed up with more extensive and 
more complete investigations 



Pig 1 — Yearly concentration of 3 4 benzpyrene m the air at Oslo m 1956 compared with Bootle, 
Wrexham and Llangefni in England and Wales (Campbell and Kreyberg, 19 t>) 


With the coarse technique used, the figures indicate that the air m the re r 
house of Oslo Gaswork contains 3 4-benzpyrene in amounts correspon ng 
some 5000 cigarettes daily for a worker with a 40 hours week Even 
figures for Bergen are lower, they are nevertheless of the same order of magm u 
■and the “ cigarette-equivalent ” is enormous , 

From the study of cases of human lung cancer two observations are oi m res 
in this connection 1 There seems to be a straight line correlation between 
number of cigarettes smoked and the risk of developing epidermoid an 8n ^ 
cell anaplastic carcinomas In an English material the increase m nsk is so 
25 times after regular daily smoking of 30 cigarettes (Doll, Hill and E-wy er S> 
1957) 2 The risk among gas workers to develop lung cancer is m the n ra ur 
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(Doll, 1952) ranged between twice and ten times the risk of the general 
population, smokers meluded 

If these two facts are correlated the enormous amounts of 3 4-benzpyrene 
m the air and the very moderate excess of lung cancer m the gasworks, a serious 
fallacy is evidently involved One explanation of the discrepancy between 
amount of 3 4-benzpyrene in the air and risk of lung cancer may be the following 
The benzpyrene is suspended in the air as finer or coarser particles adsorbed 
to other particles, particularly flakes of soot Biologically active is only that 
fraction winch enters the body, m the present case the bronchial linings 

Besides, the physico-chemical measurement of the substance under suspicion, 
also knowledge of the particle size is necessary, as only particles under and above 
a certain size are deposited m any numbers on the bronclual linings 

This represents a serious warning against any conclusions as to causative 
relationships between any substance and lung cancer based upon the mere finding 
of t he substance deposited on paper filtermg the air 

Another explanation of the lack of correspondence between the amounts of 
3 4 -benzpyrene in the air and the number of lung cancer cases m the gasworks 
may be that there is no causative relationship at all 

The overwhelming evidence to-day shows that the rise m frequency m epi- 
dermoid and small cell anaplastic lung carcinomas is mainly caused b}”- cigarette 
smoking The active agent m the cigarette smoke is not known 

The mam support for the assumption that 3 4-benzpyrene is an important 
factor m the increased development of lung cancer is its immediate plausibility 
The substance is present in polluted town an and m tobacco smoke, and the 
substance is carcinogenic in animals 

But 3 4 -benzpyrene is present in cigar and pipe smoke m even greater con- 
centrations than m cigarette smoke (Cardon, Alvord, Rand and Hitchcock, 
1956, Gilbcit and Lmdsav, 1956), but not connected with anything like the 
same risk for lung cancer de\elopment The role of 3 4-benzpyrcne m the 
dc\ elopment of lung cancer is i er} r far from known 

The mam purpose of publishing these sparse data is to enter a plea for a 
more complete technique for future studies of possible carcinogens m the air 
inhaled by the human population The particle size should be recorded m 
addition to the statements of the amounts present 

1 wish to express m\ sincere thanks to the Directors B Paulson of Bergen 
Gasuork \Y Eckhoffof Oslo Gaswork and G Hagerup Larssen and J Gnrnsen 
of \.S Elektrokemisk for their kind help, readily given 

Tins nn obligation was aided li\ a generous grant from Aktieselskapet Borre- 
gaanh Fm -knmgcfond for which 1 express mv warmest thanks 
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The carcmogenicity of tobacco smoke condensate for mouse skin, which was 
demonstrated by Wynder and Ins colleagues m 1963 and subsequently (Wynder, 
Graham and Cronnger, 1953 , and Wynder, 1959 for review), has now been 
confirmed by several other groups of workers (Engelbreth-Holm and Ahlmann, 
1957 , Orris el al , 1958 , and Bock and Moore, 1959) Passey (1957) also observed 
benign and malignant skin tumours m mice painted with tobacco smoke conden- 
sate He pointed out, however, that the mice, which were of one of the strains 
used by Wynder and his colleagues, developed spontaneous ulcers of the skin 
These appeared m untreated and treated mice ahke, and the author considered 
that their occurrence rendered interpretation of the results difficult In all these 
experiments the smoke condensate was apphed at short intervals for long periods 
The possibility that the two stage mechanism of carcmogenesis might be 
involved was early considered Wynder el al (1953) included an experiment m 
w Inch tobacco smoke condensate was applied together with the tumour-promoting 
agent, croton oil to mouse skin The yield of tumours was no greater than with 
smoke condensate alone Gwyrm and Salaman (1956) examined whole smoke con- 
densate for the presence of incomplete carcinogens They tested the condensate 
for both tumour-imtiatmg and tumour-promoting activity, and obtained some 
cs idencc of promotion but none of initiation The results of Hamer and Wood- 
house (10 jG) also suggested that smoke condensate has tumour-promoting action, 
but ther obtained no cndence for tumour initiation, or for complete carcino- 
genicity Gcllhorn (1958), in several large scale experiments, demonstrated very 
com mcmglv the tumour-promoting effect of w hole smoke condensate 

Wynder at a meeting at the Chester Beatty Research Institute on July 0, 
1050 spoke of e\ idence which Ins group had obtained for tumour-promotion by 
the nicotine-free basic fraction of smoke condensate 

The experiments to he described are a further stage m the examination of 
tobacco smoke condensate for incomplete carcinogens (tumour uutiators and 

promoters) lhc strong promoting action of one fraction of the condensate is 
reported ° 
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MATERIALS AND METHODS 

Mice — INIale and female mice of the “ 101 ” mhred stram were used They have 
been maintained by brother-sister mating in this department since a breeding 
pan was obtained from Dr T 0 Caiter (Radiobiological Research Unit, A E R E , 
Harwell Didcot Berks) m November, 1955 

This stram was selected for its high and mnform susceptibility to skm tumour- 
mduction by mitiatmg and promoting agents (Salaman, 1956) Not until half 
way through the expernnents was it realized that the mice are not very suitable 
for long term experiments because of a high incidence of a renal disease, papillo- 
nephritis first observed m Stram A mice by Gorer (1940), and subsequently 
studied m greatei detail by Dunn (1944) As m stram A mice, the disease shortens 
the life span of affected ammals so that few live as long as IS months 

Mice were fed on cubes according to the Rowett Institute formula (Thomson, 
1936) and water ad libitum 

Befoie the experiment mice were vaccinated on the tail with sheep lymph as 
a precaution against, ectromeha all responded with a typical primary response 
The dorsal han was removed by electric clippers at the beginning of the experi- 
ment and theieafter as necessary 


Picpaialwii of cigaictte smole condensate and its fi actions 

These were kindly supplied by the Research Laboratories of the Tobacco 
Manufacturers’ Standing Committee 

Details of the prepaiations are given by Mr J G Burgan m an appendix to 
this paper 

Fleshly prepaied samples of whole smoke condensate and its neutral fraction 
weie mailed to us each week, and were used within two weeks of receipt Storage 
between arrival and use was m small sealed ampoules kept protected from light 
at 4° C 

Laige samples of the smoke phenol fraction were mailed to us at 6-weekly 
mteivals and stored similarly before use 


Application of materials to the shn 

9 10-Dimethyl-l 2-benzanthracene (DMBA), obtained from L Light & Co , 
was applied as a 0 15 pei cent solution m acetone with a graduated pipette ^ 
All the smoke condensate fractions were too viscous, even aftei dilution wi i 
acetone, to be apphed quantitatively with a graduated pipette, or by a wi e 
mouthed dropper a brushmg-on technique was necessary The whole o 0 
back fiom the neck to the root of the tail was pamted, using a squirrel-hair bras i 


EXPLANATION OF PLATE 

Fic 1 — Papillomata on tho back of a mouse treated once until DMBA (300 fig ) and hion thrico 
weekl\ with tho phenolic fraction of cigarette smoke condensate (6-1- mg per npp i 
for 27 weeks 

Fig 2 — Photomicrograph of n malignant tumour which arose on tho dorsal skin 

similarly treated with phenolic fraction for 41 weeks after a single application o j , 
Imasion of the panmculus carnosus muscle can bo seen (Staining hnemn oxj 
eosm Magnification x 230 ) 
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The whole smoke condensate and neutral fractions as received were diluted 
3 or 4 tunes with acetone After each painting session the average amount ol 
condensate or fraction applied to each mouse was calculated retrospectively as 
follows — 


Average weight of ^t Q £ fraction -f acetone used 

material applied to = No ofmicepamted 

each mouse 


per cent fraction n: 
X fraction-acetone 
mixture 


With experience it was possible to keep thiB average to within ± 20 per cenl 
of the intended dose 

The smoke phenol fraction was diluted with acetone 1 m 4, 1 m 6, or 1 m £ 
according to dose level It was found that painting the clipped skin with the 
strongest of these concentrations left on the average 12 mg of smoke phenols or 
the mouse , 1 m 6 left 9 mg , and 1 m 8 left 6 mg 

The acetone used was of the Analar grade supplied by British Drug Houses 
Histological examination — Biopsy specimens, and tissues taken for sectior 
post mortem, were fixed in Zenker’s fluid, embedded m paraffin wax, and stained 
with haematoxyhn and eosin 


EXPERIMENTAL 

Experimental I whole smoke condensate 

Thirty male and 32 female mice were chpped, and pamted thrice weekly witl 
whole smoke condensate At first approximately 25 mg was apphed to eacl 
mouse at each application This dose was steadily increased during the first 
3 weeks up to an average of 40 mg per mouse, and thereafter maintained at 
approximately this level until the 30th week It was then reduced, because of 
toxic effects, to 30 mg per apphcation 

Table I indicates the progress of the experiment Fifty -two mice died during 
the first 40 weeks gross pathological changes indicative of papillonephntiE 
(see p 624) were present m 13 mice (this incidence does not differ significantly 
from that in untreated mice), pneumonic consolidation in 6, intussusception m 3. 
enteritis m 3 Nineteen mice died during the 24th week from the toxic effect! 
of an unusually large dose of smoke condensate apphed in error Several othei 
mice which showed no obvious lesions, and some of those with only shght kidney 
lesions, probably died from the cumulative toxic effects of the condensate 
Advanced post mortem changes prevented satisfactory examination mil mice 
One papilloma appeared during the 37th week, when there were only 13 
survivors The same mouse developed a second papilloma during the 44th week, 
but died two weeks later No other tumours have appeared There are still 3 
mice alive after GO weeks of treatment but none has any skin tumours 

Experiment II Neutial fraction 

Thirty male and 33 female mice were chpped and pamted thrice weekly with 
the neutral fraction of tobacco smoke At first approximately 25 mg was apphed 
to each mouse at each apphcation This dose was steadily increased during the 
first 3 weeks up to an average of 40 mg per mouse This level was thereafter 
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Table I — Tests of Whole Smoke Condensate and its Neutral Fraction for 

Carcinogenicity on Mouse Skin 

Total weight 


Time 

of test 
material 
applied* 


Number of 
mice with 

Total 

Total 

(in weeks) 

(g) 

Survivors 

papillomas 

papillomas 

carcinon 

0 


Experiment I Whole Smoke Condensate 
62 — 



5 

0 50 

62 

— 




10 

1 10 

62 

_ 

___ 


15 

1 66 

59 

. 




20 

2 22 

50 






25 

2 72 

30 



. 



30 

3 17 

22 

_ 





35 

3 52 

13 

1 

1 


40 

3 90 

11 

2 

2 

0 

0 


Experiment II 
63 

Neutral Fraction 



5 

0 50 

60 

— 

— 

— 

10 

1 10 

59 

— 

— 

— 

15 

1 66 

58 

— 

— 

— 

20 

2 22 

46 

— 

— 

— 

25 

2 78 

44 

— 

— 

— 

30 

3 38 

37 

— 

— 

— 

35 

3 90 

25 

3 

4 

— 

40 

4 46 

17 

1 

1 

0 


* In both experiments the test material was applied thrice weekly throughout At first 25 mg 
amounts, diluted 3 or 4 times m acetone, were applied on each occasion This dose whs steadih 
increased to 40 mg per application during the first 3 weekB of treatment In the case of the neutral 
fraction the dose level was maintained at 40 mg throughout the experiment, but in the case of whole 
smoke condensate it was reduced to 30 mg per application after 30 weeks because of systemic toxicity 

Table I indicates tbe progress of Experiment II Thirty-eight mice died 
during the first 40 weeks Compared with the mice treated with whole smoke 
condensate, pneumonic consolidation (12 cases) was more frequent in these 
mice Tyzzer’s disease caused 3 deaths, intussusception 3, and enteritis a further 
4 Papillonephritis was seen in 18 mice One mouse died as a result of haemorrhage 
from a tumour of the tongue On histological examination this tumour was of 
squamous cell type, it showed doubtful invasion of muscle and no metastases 
It was regarded as probably, but not certainly, malignant Advanced post mortem 
changes prevented satisfactory exa min ation m 10 mice 

Two papillomas appeared during the 32nd week of the experiment, one m 
a mouse which died 10 days later (post mortem decay prevented satisfactory 
examination), and the other m a mouse which died 4 weeks later and showed 
marked renal changes due to papillonephritis Whilst under observation, both 
tumours were notably slow-growing A thud mouse developed a papilloma during 
the 40th week of the experiment Treatment was stopped after 47 weeks Three 
weeks later two of the 10 survivors (both females) developed 2 papillomas each 
These grew more rapidly than those which arose earher, and soon one of the 
tumours on each mouse took on the naked-eye appearances of malignancy One 
v as removed at biopsy during the 60th week and was found to be a squamous- 
cell carcinoma invading muscle 
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Experiment III Smoke phenols ft action 

One hundred and ten mice, divided into 3 groups, were used m tins test 
Each group contained equal numbers of males and females Groups I and II 
consisted of 30 mice each, and Group III of 50 mice Groups I and III were 
given a s ing le apphcation of 0 2 ml 0 15 per cent DMBA m acetone to the chpped 
dorsal skin Group II was not treated at this time Three weeks later groups 
I and II began a course of thrice weekly applications of smoke phenols fraction 
in acetone Eor the first 9 applications a 25 per cent solution /suspension of the 
fraction m acetone (i e average of 12 mg smoke phenols per mouse per apphcation) 
were given The skins of many animals became thick and crusted, and 3 mice 
died on the 19th day as a result of systemic toxicity The concentration was 
therefore reduced to 12 5 per cent and contmued at this level for a further 15 
applications It was then increased to 18 7 per cent for 24 applications, and then 
back to 25 per cent from the 49th apphcation (17th week) onwards Group IH 
received no treatment apart from the single apphcation of DMBA 

Of the 10 mice of Group I which died during the first 40 weeks of the experiment, 
l e 37 weeks of treatment with smoke phenol fraction, one had lymphatic leukaemia 
with enlargement of the thymus and lymph glands, one had a large mesenteric 
tumour (unfortunately post mortem changes were too advanced for satisfactory 
histological examination) 2 showed pneumonic consolidation, and 1 had 2 small 
lung adenomas Eour had abscesses in the liver and 3 showed papillonephntis 
Of Group II, 14 mice died As mentioned above, 3 died early (19th day) 
from systemic toxic effects A large abdominal tumour was seen m a female 
mouse which died during the 37th week This tumour was adherent to the spleen, 
pancreas and mesentery Histological examination showed it to be a haemangioma 
This mouse was one of 3 which had liver abscesses Three mice showed pneumonic 
consohdation, and 7 had papillonephritis 

In Group EH 13 mice died and 7 of these were examined post mortem One 
had lymphatic leukaemia with a grossly enlarged thymus and one had 2 small 
lung adenomas One mouse had intussusception, one bronchopneumonia, and 
one a large abscess of the neck Five of the 7 showed kidney lesions indicative 
of papillonephntis Advanced post mortem changes prevented satisfactory 
exammation of the remaining 6 nnce 


Incidence of skin tumours 

Papillomas began to arise m mice of Group I during the 15th week By the 
37th week of treatment with the phenolic fraction 15 out of the 20 survivors of this 
group bore a total of 65 papillomas (see Table II and Fig 1) All these tumours 
arose on the treated area of skm, and none were seen outside it At the 37th 
week one tumour on a male showed macroscopic features suggestive of mahgnancy 
During the next 4 weeks tins tumour grew quickly, ulcerated, and became ad- 
herent to deeper structures It was removed by biopsy during the 41st week of 
the experiment, and histological exammation showed it to be a poorly differenti- 
ated carcinoma which had penetrated the pamuculus camosus muscle (Fig 2) 

Treatment with smoke phenol fraction was stopped after 41 weeks (44th week 
ot experiment) The mice have been kept under observation , a further probably 

vet l51n\ "on another mouse (a female) but no specimen has 

3 ct been taken for histological examination 1 
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Table II — Tests of the Phenolic Fraction of Cigarette Smoke Condensate for 
Carcinogenicity, and for Tumour-promotion after a Single Application of 
DMBA, on Mouse Skm 

Tumour incidence at 40 weeks* 


Group 

Number 

of 

mice 

Treatment 

Sur- 

vivors 

Mice 

with 

papil- 

lomas 

Total 

papil- 

lomas 

Total 

carci- 

nomas 

I 

30 

300 [ig DMBA followed, after 3 

20 

16 

65 

1 

II 

30 

weeks interval, by thrice week- 
ly applications of smoke 
phenols fraction - ) 

Thrice weekly applications of 

16 

0 

0 

0 

III 

50 

smoke phenols fraction only 

300 pg DMBA only 

37 

4 

6t 

0 


* 1 e After 37 weeks of smoke phenols treatment 

f The smoke phenols fraction was diluted with acetone 1 4 to 1 8, depending on dose level (see 
text, p 625) The first 9 applications of smoke phenols fraction were of 12 mg each , the next 16 
were of 6 mg , the next 24 of 9 mg , and thereafter all applications were of 12 mg each 
J All outside the treated area (see text, p 000) 


No tumours have appeared on mice of Group II 

Four mice m Group III developed a total of 6 papillomas during the 40 weeks 
after treatment with DMBA All these tumours were situated on the head no 
tumours arose on the treated dorsal skin It is odd that no such ectopic tumours 
arose m Group I mice which received similar treatment with DMBA as well as 
treatment with smoke phenols fraction A similar result was obtained m this 
laboratory, m “ S ” strain mice treatment with DMBA alone gave rise to many 
ectopic tumours, whereas DMBA followed by repeated applications of croton 
oil gave rise to very few (Roe, 1956) 

Whatever the explanation of this curious phenomenon, the tumour-incidence 
m Group I is significantly higher than that m Groups II and HI, and the results 
clearly indicate that under the experimental conditions described the phenohc 
fraction of cigarette smoke condensate haB considerable tumour-promoting 
activity but no carcinogenic activity 


DISCUSSION 

Recent reports (Engelbreth-Holm and Ahlmann, 1957, Orris et al , 1958 , 
and Bock and Moore, 1959) have confirmed the findings of Wynder and his 
colleagues (Wynder, Graham, and Cromnger, 1953 , and see Wynder, 1959, 
for review) , and the view is becoming generally accepted that cigarette smoke 
condensate is carcinogenic for mouse skm when apphed at short intervals for 
long periods The results of Experiments I and II m which the whole smoke 
condensate and its neutral fraction were tested in this way were unsatisfactory 
because of poor survival of mice a few benign tumours arose in both experiments 
after 35 weeks of contmuous treatment, and 2 malignant tumours at a much later 
date in the neutral fraction experiment 

Much attention has been given to the identification of the carcinogenic com- 
ponents m tobacco smoke condensate Kennaway and Lindsey (1958) give a long 
hst of individual substances which have been identified in smoke, and a short 
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list of 10 for which there is at present evidence of caroinogenicity Most attention 
has been paid to the 3,4-benzpyrene content Cooper, Lindsey and Waller (1964), 
Latarjet et al (1956), and Bentley and Burgan (1958) all reported amounts of the 
order of 1 fig of 3,4-benzpyrene m the smoke from 100 g cigarettes Wynder 
and Wright (1957) and Wynder and Hoffmann (1959) found slightly larger 
amounts than this, namely, about 4 fig per 100 g cigarettes Cardon et al (1956) 
on the other hand, estimated the benzpyrene, yield from 100 g cigarettes at 
between 10 and 12 fig , but the calculations on which these higher estimates 
are based have been criticised by Bentley and Burgan (1958) Whichever esti- 
mate is correct it is very doubtful whether the amount of benzpyrene in 
smoke condensate is sufficient to account for the tumours seen m experiments 
with mice Approximately 4 g of condensate are produced by smoking 100 
cigarettes (of 1 g each), the amount varying according to the smoking con- 
ditions used If we suppose that the higher figure given by Cardon et al is 
correct, 4 g of condensate would contam 12 fig of 3,4-benzpyrene, and 40 
mg of condensate (the amount applied thrice weekly by Wynder and Ins 
colleagues) would contam approximately 0 1 fig If, on the other hand, the 
figures given by Cooper, Lmdsey and Waller, Latarjet et al , and Bentley and 
Burgan is correct, the amount of 3, 4-benzpyrene per application would be < 0 01 
fig Poel and his colleagues (see Poel, 1959) applied 0 38 fig 3,4-benzpyrene to 
mice thrice weekly two carcinomas (after 82 and 83 weeks respectively) and 
9 papillomas (after an average of 69 weeks) arose m a group of 55 C57 mice 
The same workers produced 5 papillomas (average mduction time = 60 weeks), 
but no mabgnant tumours, m a similar group of mice painted thrice weekly with 
0 15 fig 3,4-benzpyrene Even allowing for different experimental techniques and 
the strains of mice used, it seems most unlikely that the carcmogemo effect of 
smoke condensate observed by Wynder’s group, and by others including our- 
selves, is due to 3, 4-benzpyrene alone 

Estimates of the amounts of the other carcinogens listed by Kennaway and 
Lmdsey (1958) are either not available or highly conjectural But, taking into 
account all the available data, and in particular the fact that several of the other 
carcinogens present are much weaker than 3,4-benzpyrene, it is unlikely that 
their carcmogemo effect combined with that of 3,4-benzpyrene could equal 
that of the whole smoke condensate Dr Wynder expressed the same view at a 
meeting held at the Chester Beatty Research Institute m July 1959 Of course 
it may be argued that smce several of the substances listed by Kennaway and 
Lmdsey have not been tested for carcmogemo activity, their possible contribution 
cannot be assessed But to assume that their concentration and potency are 
sufficient to add appreciably to the carcmogemo effect of the benzpyrene and the 
other known carcinogens is surely inadmissible at this stage 

Turning to the possible role of incomplete carcinogens m tumour production 
by cigarette smoke condensate, the fact that a substance is carcmogemo when 
applied alone may be taken to indicate that it has both tumour-imtiatmg and 
tumour-promoting properties However, amounts of carcmogemo hydrocarbons 
too small to give detectable carcmogemo effect, eg l fig 9-IO-dimethyl-l, 2- 
benzantliracene (DMBA) (Klein, 1956) have demonstrable initiating action Total 
doses of 3,4-benzpyrene of this order were undoubtedly applied m the course of 
the applications of smoke condensate by Wynder and others Thus these amounts 
of condensate contamed enough 3,4-benzpyrene for the initiation of the tumours 
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which arose, though certainly not enough for their production without the aid 
of a tumour promoter Furthermore, m addition to the small amounts of 3,4- 
henzpyrene and other complete carcinogens, there may also be present m cigar- 
ette smoke condensate incomplete carcinogens of the type of which urethane 
and triethylene melamine are examples (Salaman and Roe, 1953 , Roe and 
Salaman, 1955), l e substances with initiating but no promoting action Little 
is known of the distribution of Such substances, and their presence m tobacco 
smoke condensate has still to be demonstrated 

Thus on quantitative grounds alone we would expect to find tumour-promoting 
substances in cigarette smoke condensate Experiment III reported here is a 
clear demonstration of tumour-promotion by the phenohc fraction, constituting 
about 15-20 per cent of the condensate Commms and Lindsey (1956) estimated 
quantitatively some of the simpler phenols present in cigarette smoke, and 
recorded the total yields of 9 different phenohc compounds in miorograms per 
cigarette The yield of phenol itself was 123 fig per cigarette, quinol — 83 fig , 
catechol — 61 fig , and ortho meta , and para-cresol, together — 80 fig Resorcinol, 
1-naphthol, and 2-naphthol were present m much lower quantities The total 
yield of all 9 compounds amounted to 356 fig per cigarette, which is equivalent 
to 0 36 g per 1,000 cigarettes The yields of phenol and ortko-cresol reported 
by Commms and Lindsey were close to those previously recorded by Rayburn, 
Harlan and Hanmer (1953) 

In the experiments reported here the total yield of phenol fraction from 
1,000 cigarettes was 4 8 g (see Appendix) Thus the substances studied by 
Commms and Lindsey (1956) account for less than one tenth of the phenol fraction 
used m Experiment III, and the composition of the remamiug nine tenths is 
still not known 

In view of the known tumour -promoting activity of phenol and related com- 
pounds, (Boutwell, Rusch and Bosch, 1955 , Salaman and Glendenrung, 1957 , 
Boutwell and Bosch, 1959) the result of Experiment HI is perhaps not entirely 
unexpected Quantitatively the tumour-promotmg effect observed here was 
comparable to that for whole smoke condensate observed by Gellhorn (1958), 
l e the promoting activity of the phenohc fraction could have accounted for 
all the effect observed by Gellhorn However differences m methods and strain 
of mice make such a quantitative comparison unwise 

If we assume that the carcinogenic effect of smoke condensate is due to the 
action of mitiators (known or unknown) plus promoters (phenols and others), 
it is on the face of it difficult to explain why tests of the condensate for initiating 
action, by the simultaneous and/or subsequent apphcation of croton oil, gave no 
tumours Certainly promotion was more than adequate Was enough initiator 
applied m these tests ? In the experiments of Gwynn and Salaman (1956) a 
total of about 1 5 g of smoke condensate was applied as an initiating dose The 
benzpyrene content of this according to Cooper et al (1954) and Bentley and Burgan 
(1958) would have been 0 3 fig , and according to Cardon et al (1956) about 
4 fig This is of the order of the minimum initiating dose of DMBA reported by 
Klein (1956) Hamer and Woodhouse applied only about 0 2 g of smoke conden- 
sate m their test for tumour-mitiation, which would contain an amount of benz- 
pyrene definitely below the detectable initiating dose Thus it is probable that 
m the experiments specifically designed to show initiating action, too little 
untiator was applied 
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We may sum up the present position with respect to tests on mouse skin by 
saymg that — 

(1) the observed tumour producing action of cigarette smoke conden- 
sate is unlikely to be due to contained substances act mg as complete 
carcinogens, 

(2) it can be explained as due to the combined action of tumour initi- 
ators and promoters, and, 

(3) smce its effect can be increased by the addition of initiators but 
not of promoters, the relative weakness of the carcinogenic action of 
cigarette smoke condensate is due to the paucity of initiators 

There is at present no direct evidence for two-stage carcinogenesis in human 
bronchial epithelium Assuming however that this mechanism operates here, 
as it has been shown to do in skin and some other tissues, present evidence sug- 
gests that smoking has stronger tumour -promoting than tumour -initiating effect 

Man, whether a smoker or not, is exposed to substances of proved tumour- 
initiatmg power m the polluted atmosphere, and in the products of some industrial 
processes and in some kinds of food The correlation between smoking habits 
and lung tumour incidence may well be determined not primarily by the carcino- 
genic effect of tobacco smoke but by its predominantly tumour-promotmg action 
on the bronchial epithelium 


SUMMARY 

Strong tumour-promotmg effect by a phenolic fraction of cigarette smoke 
condensate applied after a single tumour-mitiatmg dose of 9,10-dimethyl-l,2- 
benzanthracene (DMBA) to the dorsal skm of “ 101 ” strain mice was observed 
sixty-five benign and 2 malignant tumours arose on 30 treated mice during 40 
weeks of treatment The same dose of DMBA alone produced a negligible number 
of tumours, and the phenolic fraction alone produced none 

“ 101 ” Strain mice treated with whole smoke condensate only, or the neutral 
fraction of the condensate only, developed a few papillomas after 35 weeks 
However, the survival of the mice was poor, and very few were ahve at the time 
when malignant tumours might have been expected only two were seen 
One of the reasons for the poor survival was a renal disease, papillonephritis, 
previously recorded m strain A mice 

Reasons are given for believing that cigarette smoke is richer in tumour- 
promotmg than m tumour-nntiatmg substances Phenolic compounds may be 
responsible for much of its promotmg activity 

The implications of these findmgs, and their relevance to the induction of 
bronchial carcmoma m man, are briefly discussed 


We wish to express our gratitude to the Tobacco Manufacturers’ Standing 
Committee for supplying us with tobacco smoke condensate and its fractions 
e f ! lR0 ' nsh to thank a11 the members of the technical staff of the department 
or their assistance The expenses of the research were partly defrayed out of a 
block grant from the British Empire Cancer Campaign 
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APPENDIX THE PRODUCTION OF CIGARETTE SMOKE CONDENSATE 

(by J 0 Burgan, Research Laboratories, Tobacco Manufacture ? s’ Standing Committee) 
Smoking technique 

Cigarettes, a mixture of brands popular m the United Kingdom, are smoked 
in batches of 1,000 using an automatic smoking machine of the type described by 
Hes and Sharman (1957), arranged to give a puff frequency of 4 per min ute, a 
puff volume of 15 ml , and a puff duration of 2 seconds Cigarettes are smoked 
to a stub length of 20 mm The smoke condensate is collected m traps immersed 
in a dry ice /acetone mixture, one trap being attached to each smoking position 
The type of cold trap used has been described by Burgan (1959) 

W/wle smoke condensate 

For the production of whole smoke condensate the material collected m the 
cold traps is washed out with acetone The solvent is then removed on the water- 
bath and the whole smoke so obtained is stored m the dark m sealed ampoules 
at— 25° C 

Phenolic and neutral fractions 

For the separation of smoke condensate mto its mam fractions the material 
from 1,000 cigarettes, collected m the cold traps, is dissolved in a mixture (1 3 v/v) 
of hydrochloric acid (2N) and ether (peroxide free), the ether used having been 
previously treated with sodium wire to remove fluorescent material The aqueous 
acidic layer is separated and the ether layer washed further with portions of 
hydrochloric acid (2N, 4 x 100 ml ) to complete the removal of basic compounds 

The ether layer is then washed with portions of saturated sodium bicarbonate 
solution (1 X 200 ml , 4 x 100 ml ) to remove carboxylic acids, and with portions 
of 3 per cent potassium hydroxide solution (1 X 200 ml , 5 X 100 ml ) to remove 
any carboxylic acids remaining together with the phenols present 
, The residual ether layer conta ining the neutral fraction of smoke condensate 
is dried over anhydrous magnesium sulphate and the solvent removed on the 
water-bath The neutral fraction obtamed is stored m the dark m Sealed ampoules 
at — 25°C 

The phenols are recovered from the combined potassium hydroxide washings 
These are neutralized with hydrochloric acid (2N), excess sodium bicarbonate 
(solid) added, and the mixture saturated with sodium chloride and extracted with 
portions of ether (1 x 200 ml , 4 X 100 ml ) The combmed ether washings, 
containing the phenols, are dried over anhydrous magnesium sulphate and the 
solvent removed on the water -bath The phenols obtamed are stored m the dark 
m sealed ampoules at —25° G 

The average amounts of whole smoke, phenols, and neutral fraction obtained 
from 1,000 cigarettes, using the smoking conditions described above, are respec- 
tively 29 5 g , 4 8 g and 16 6 g 
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Nitrogen mustard is at present the agent outstanding m the chemotherapy 
of malignant tumours It furnishes the basis for most of the drugs prepared 
since Gilman and Philips (1946) synthesised the compound, by substitutmg a 
sulphide group for the ammo group of mustard gas, and found it developed re- 
missions of transplantable mouse lymphosarcoma While the results it has 
yielded m Hodgkin’s disease, lymphosarcoma, and chrome leukaemias, must 
not be undervalued (Goodman et al , 1946 , Jacobson el al , 1946 , Kamofsky, 
1950), nitrogen mustard has proved to be of no value m the treatment of carcino- 
matous tumours 

Nitromm, prepared by Stahmann and Bergmann (1946) was the first mtrogen- 
mustard derivative to have a more marked growth-inhibiting effect on Yoshida 
sarcoma than nitrogen mustard itself, and to be of lesser toxicity (Ishidate, 
Kobayashi, Sakurai, Sato and Yoshida , cit Farber et al , 1956) In Japan, 
Nitromm is being widely used m human therapy Kimura and his co-workers 
(cit Farber et al , 1956) found that m addition to bemg of avail in cases of chronic 
leukaemia, it had a destructive effect on certain malignant tumours 

Another nitrogen-mustard derivative is Erysan (R 48 ), an aromatic chloro- 
ethylamme, first synthesised by Haddow and his co-workers (1948), which was 
shown to be highly effective on the Walker carcmosarcoma Matthews (1950) 
reported its effectiveness in chrome myeloid and lymphoid leukaemia m humans, 
and Videbaek and Kaae (1954) m such cases of Hodgkin’s disease as had failed 
to respond to X-ray treatment 

Everett, Roberts, and Ross (1953) synthesised N,N-di-(2-chloroethyl)-p- 
ammophenyl -butyric acid, an aromatic nitrogen-mustard derivative, winch 
they labelled CB 1348 This compound was found considerably to inhibit the 
growth of Walker tumours and according to Haddow (1954), to have a beneficial 
effect on lymphoreticular tumours and haemoblastoses , its depressant effect on 
bone marrow was less than that of nitrogen mustard and TEM, respectively 

Larionov (1957) reported good results obtained with Sarcolysin and Dopan 
Simultaneously with, but independently of Larionov and co-workers (1955), 
Bergel and Stock (1954) also prepared sarcolysme dl-j 9 -di(chloroethyl)-ammo- 
phenylalanuie hydrochloride It caused complete regression in two sarcomas of 
the rat and one of the mouse, and had a marked inhibitory effect on the growth 
of seven other mouse and rat tumours 

For some years Vargha has endeavoured to produce an agent of reduced 
toxicity, by linking nitrogen mustard with a sugar Of the many compounds- 
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he has prepared 1 . 6-di- (2-chloroethylammo ) - 1 , 6 -dideoxy-D -mannitol dihydro- 
chlonde has proved to be of good effect Having been investigated in animal 
experiments by Kellner and N6meth (1956) and tested clinically by Sellei and 
Eckhardt (1958), it has been introduced in human therapy as Degranol (BCM) 


MATERIALS AND METHODS 

Twenty-three combinations of nitrogen mustard with sugar, prepared by 
Yargha in the course of the last two years, were tested for their respective toxioity, 
and studied in transplantable animal tumours for their growth-inhibiting action 
Of these, one compound, marked R 1S , the structural formula of which may be 
represented as l,6-di-(2-bromoethylammo)-l,6-dideoxy-D-mannitol dihydrobro- 
mide (DBM), was found to be the most promising (Vargha and Horv&th, 1959 , 
Bah, Kendrey, Juhasz, Besznyak, 1959) Tins is a stable compound readily 
soluble in water, of which 23 mg /kg of body weight is the half-lethal dose (LD 60 ) 
for the mouse, and 22 mg /leg that for the rat 
Using Wistar stram rats and white mice of our own breed, experimentation m 
normal intact animals and animals with transplanted tumours showed the 
daily therapeutic dose level to vary between I 5 and 3 mg /kg for the tumour- 
bearing rat, and 3 and 5 mg /kg for the tumour-bearing mouse In testing the 
compound against a spectrum of rat and mouse tumours, treatment, usually 
with daily intrapentoneal injections, was begun when the tumours were from a 
pea to a bean in size A prolonged treatment not involving considerable loss of 
weight was aimed at After treatment varying in time with the stram of tumour, 
the animals were killed, the tumours removed and measured, and the percentage 
growth-inhibition was determined on the basis of the following formula 


Inhibition % = 


Average weight of tumours in controls —Average weight of 
tumours in experimentals x 100 
Average weight of tumours m controls 


In some experiments survival tune was used as a measure of benefit from the 
drug In testing DBM against tumours m ascitic form, treatment was beg un either 
one or two days after inoculation of the ascites, or on the first signs of ascites 
formation m the inoculated animal, and the degree of the inhibitory effect was 
graded according to the difference m body weight between the treated and the 
control ammals 

The drug was subjected to detailed examinations for its effect on the blood 
picture, the bone marrow, and the parenchymatous organs 

In most cases the effectiveness of DBM was compared with that of Degranol 


XVJSbUijTb 


Effect of DBM (i? 13 ) on transplantable tumours 

1 The growth-mhibitmg action on rat tumours was studied m a set of expen 
ments usmg Guerin carcinoma, Benevolenskaya sarcoma, and a subcutaneous 
ionn of y oslnda sarcoma In agreement with Druckrey and co-workers (1958) we 
found the latter rvas just as useful as Yosluda ascites sarcoma m testing chemo- 
therapeutic agents rats inoculated mth the tumour in ascitic form survived 
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for an average 8 to 10 days, with only 1 to 3 ml of ascitic fluid forming , sub- 
cutaneously inoculated rats survived for 12 to 18 days 

The growth-inhibiting effect of DBM on the rat tumours involved m our 
experiments is illustrated in Table I and Fig 1 and 2 

Usmg Gu6nn tumour, DBM was tested for its effect upon survival time m 
39 Wistar strain rats treated in three groups with an mtrapentoneal daily dose 
of 0 4, 1 0, and 2 0 mg /kg of body weight, respectively , another 39 rats of the 
same strain were left untreated to serve as oontrols , an additional 24 rats bearing 
Guerin tumours were given from 4 to 12 mg daily doses of Degranol per kg of 
body weight Treatment was continued until the death of the last experimental 
animal In relation to the untreated controls, DBM was found to have prolonged 
the survival time by from 8 to 15, and BCM by from 2 to 7 days 

2 For its effect on transplantable solid mouse tumours the compound was 
studied on subcutaneously inoculated Ehrlich carcinoma and S-37 and S-180 
(Crocker) sarcoma The results obtained are summarized m Table II 

3 For its growth-inhibiting action in mouse tumours m ascitic form, DBM 
was tested m Ehrlich carcinoma and Amytal sarcoma The latter originates 
from this Institute (JuMsz, Balo and Kendrey, 1955) , it is transplanted in 
every 10 to 12 days, during which time 8 to 10 ml of ascitic fluid develop m each 
ammal , the mice generally survive transplantation by from 14 to 18 days 
To every ml of ascitic fluid drawn from them, 0 25 mg of DBM and Degranol, 
respectively, were added dissolved in 1 ml saline under sterile conditions and the 
mixture was kept m the thermostat at 37° C for 45 minutes Two groups of 
10 white mice each were then inoculated with an equal amount of one and the 
other of these mixtures, respectively, while m a third group of 10 controls each 
animal was inoculated with a corresponding amount of a mixture of ascitic 
fluid and sterile physiological NaCl incubated likewise at 37° C for 45 minutes 
All the animals were kept under observation for 11 days with a view to fi n di n g 
out to what extent under the identical conditions equal concentrations of the 
two drugs were capable of depressing takes and inhibiting tumour growth The 
results of daily checks on the changes of body weight showed that while the average 
over-all gam was 7 10 g m the control group, it amounted to 3 23 g m the group 
treated with DBM, and to 5 74 g m that treated with Degranol , m other words, 
an inhibitory effect of 44 per cent was observed upon the aotion of DBM, and 
of 19 2 per cent upon that of Degranol 

Usmg Amytal ascites sarcoma, another experiment was earned out to deter- 
mine the influence of DBM and Degranol, respectively, on the survival time of 
mice Fig 3 shows that while seven consecutive daily doses of 4 85 mg of DBM 
per kg of body weight resulted m prolongation of survival time, no appreciable 
prolongation followed the administration of the same number of 21 mg doses 
of Degranol 


EXPLANATION OF PLATE 


19 doses of 


Fig 1 — Showing 92 per cent growth inhibition on Gu6rin carcinoma after 

2 6 mg /kg of DBM (R u ) . , , 

Fxa 2 — Showing 93 per cent and 84 per cent growth inhibition on subcutaneously inoculated 
Yoshida sarcoma after 9 doses of 1 75 mg /kg of DBM (R u ) and 10 mg /kg of Degranol 
(BCM), respectively . , r 

Fig 5 — Showing inhibition of development of Ehrlich ascites carcinoma by 7 daily doses ol 
4 85 mg /kg of DBM (R u ) 
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On the growth of Ehrlich ascites carcinoma, 11 consecutive daily doses of 
6 76 mg of DBM per kg of body weight were found to have a marked inhibitory 
effect, while the same number of 14 mg doses of Degranol failed to inhibit essen- 
tially the growth of this tumour (Fig 4) 



Days of surviving after transplantation 


Fig 3 — Showing increase of survival time of mice inoculated with Amytal ascites sarcoma 

treated with DBM (R l3 ) or Degranol (BCM) 



Days after transplantation 

Fig 4 — Showing increase of weight of mice bearing Ehrlich ascites carcinoma following 
treatment with DBM (R 13 ) or Degranol (BCM) 

In another experiment, in which animals bearing Ehrlich ascites tumours 
were treated during 9 days on each of seven occasions with 4 85 mg of DBM 
per kg of body weight, no ascites developed at all (Fig 5) Of Degranol, the same 
number of 21 mg doses was required to achieve the identical effect 

Effect of DBM on blood 'picture , bone marrow , and parenchymatous organs 

For its effect on peripheral blood DBM was studied in 16 rats of the Wistar 
strain, each weigkmg 150 g After their complete blood pictures had been prepared, 
some normal animals were injected mtrapentoneally on one occasion with a simple, 
others with a threefold, yet others with a tenfold medium therapeutic dose (the 



TUMOUR-INHIBITING ACTION OR DBM 


639 


simple dosis therapeutica being 1 76 mg /kg of body weight) Twenty-four hours 
later, there was no change in the number of erythrocytes at any dose levels, 
the simple therapeutic dose was followed by mnnmal lymphopenia , the threefold 
dose gave rise to significant lymphopenia and monocytopenia and relative 
leukocytosis, though the white cell count remained normal The tenfold dose 
caused appreciable leukopenia, the lymphocytes disappeared almost completely 
from the blood, the plasma of the retamed ones becoming vacuolated and, m 
addition, a marked decrease m the number of monocytes and a relative leuko- 
cytosis were observed (Table HI) 

Table HI — 1 Effect of a Single Intrapentoneal Dose of DBM Upon the Blood Cells 


Number of Number of 


Dose 
(mg /kg ) 


erythrocytes 
(10 e /c mm ) 

leukocytes 
(10 5 /c mm ) 

Poly 

iy 

Mo 

Eo 

1 75 

Before treatment 

6 4 

8 2 

42 

55 

2 

1 


After treatment 

7 8 

9 2 

43 

53 

4 

0 

5 25 

Before treatment 

8 5 

10 7 

36 

59 

3 

2 


After treatment 

7 9 

9 1 

62 

37 

0 

1 

17 5 

Before treatment 

8 5 

9 2 

25 

72 

1 

2 


After treatment 

8 4 

6 6 

92 

6 

0 

2 


In animals given the medium therapeutic dose for 15 consecutive days, there 
was no change m the red cell count, but the white cells fell to 5000 per c mm 
from the normal of about 9000 per c mm generally counted m the control animals , 
m the number of lymphocytes a substantial decrease was observed , relative 
leukocytosis presented itself, associated with eosmophiha (Table IV) 


Table IV — Effect, of Senal Intrapentoneal Treatment (15 Times) with DBM 

Upon the Blood Cells of Bats 


Dmh dose Erythrocytes Leukocytes 


(mg /kg ) 


(10 s / c mm ) 

(10 s /c mm ) 

Poly 

iy 

Mo 

Eo 

1 7 o 

Before treatment 

8 2 

9 0 

34 

62 

2 

2 


After treatment 

8 3 

5 0 

45 

46 

3 

6 


For its action on bone marrow the compound was tested m normal uitact 
Wistar strain rats which, m 45 days, had been treated on 34 occasions with 1 75 
mg of DBM per kg of body weight by the intrapentoneal route This treatment 
was followed by a slight decrease in the number of myeloid elements In some 
mdi\ idual cases the haemopoietic colonies were seen to have ceded then place to 
fatty bone marrow The blood pictures of these animals revealed marked lympho- 
penia, relative leukocytosis and moderate eosmophiha No pathological changes 
vcre encountered m the myocardium, the lung, the kidney, and the adrenal 
gland, but the spleen uas found to have decreased in size, and the lymph folhcles 
were less than normal m number Slight pulpar fibrosis was seen In the liver 
parenchymatous degeneration was observed, but no fatty degeneration or cellular 
necrosis 




'deuce of the results of our toxicity tests, the efficient but not toxic 
(lose of DliM s ones betw ecu 1 o end 3 0 rag per kg of body Height for the tumour- 
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bearing rat, and between 3 0 and 5 0 mg for tbe tumour-bearing mouse At 
these dose levels, tbe animals will stand treatment for 10 to 12 consecutive days 
without losmg more than 6 to 12 per cent m weight The chemotherapeutic 
index for DBM being 

MTD _ 25 
MED ~ ’ 

it comes to fall between that for Degranol (50) and nitrogen mustard (10) 

From our experimental findings the conviction accrues that DBM is a drug, 
which exerts a marked inhibitory effect on tumour cells Undoubtedly, it was 
the most effective against Yoslnda sarcoma, a tumour responding as a rule fairly 
well to efficient chemotherapeutic agents Equally remarkable was the effect it 
appeared to have on Guenn cancer, the more so as malignant animal tumours 
(Guerin and Ehrlich tumours) are conspicuous for the difficulty m influencing 
their growth by means of therapeutic drugs Not a smgle complete regression 
was observed m animals inoculated with these tumours, unlike m cases of sub- 
cutaneously implanted Yoshida sarcoma Histologically, the small tumours 
found m a few of our animals inoculated with Yoshida sarcoma and treated with 
DBM could no longer be regarded as real tumours 

In animals bearmg Guenn or Ehrlich carcinoma, we on a few occasions suc- 
ceeded m maintaining for some considerable penod of time a state m which there 
was no perceptible tumour growth, and even several remissions took place 
If m such a state treatment was contmued, the animals died after a time, displaying 
toxic symptoms , if it was discontinued, the tumour started to grow agam but 
could not be depressed once more, not even by means of larger doses 

With the histological changes m tumours following treatment with DBM, 
we propose to deal elsewhere 


SUMMARY 

Twenty-three compounds prepared by linking nitrogen mustard with various 
sugars were tested on various transplantable tumours for their capacity to inhibit 
growth The one designated as DBM (R 13 ), the structural formula of which may 
be represented as l, 6 -di-( 2 -bromoethylammo)-l, 6 -dideoxy-D-mamntol dihydro- 
bromide, was found to have a marked inhibitory effect on Guerin rat carcinoma, 
subcutaneous form of Yoshida rat sarcoma, Benevolenskaya rat sarcoma, the 
subcutaneous and ascitic forms of Ehrlich mouse carcinoma, Crocker and S-37 
mouse sarcoma, and Amytal ascites sarcoma m the mouse The drug is much 
less toxic than nitrogen mustard and depresses tumour growth without causing 
considerable loss of weight or toxic side effects It is not without effect on peri- 
pheral blood and the lymphatic organs Following treatment with therapeutic 
doses for some longer period of time, there is a reduction first m the lymphocyte 
and then in the leukocyte count, the spleen diminishes in size, the lymph follicles 
m it grow less m number, and fibrosis of the pulp is seen Animal experiments 
have shown this agent to be more effective than Degranol 
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AN OSTEOGENIC SABCOMA IN THE FOWL 

W G SILLER 

From the Agricultural Research Council, Poultry Research Centre , Edinburgh, 9 
Beceived for publication October 27, 1959 

Spontaneous primary bone tumours are so rare in tbe fowl that the occurrence 
of an osteogenic sarcoma is of sufficient intrinsic interest to warrant report, 
particularly since Feldman and Olson (1952) state that the ranty of these 
neoplasms has precluded adequate study 

Osteomata have been observed m the fowl by Fujmami (1930) and Heim 
(1931) Kaupp (1933) described a tumour which he termed a sarco-chondro- 
osteoma Avian osteoclastomata have been reported by Baker (1928) and 
Campbell (1947) Tytler (1913) descnbed m detail a transplantable osteo- 
chondro -sarcoma in fowls Eber and Maike (1932) mentioned the occurrence of 
an osteosarcoma among their large collection of avian neoplasms Reis and 
Nobrega (undated) state that m birds they have seen five osteogenic sarcomata, 
three of which presented the appearance of osteo-chondro-fibromata Neither 
Eber and Maike nor Reis and Nobrega descnbed these tumours m any detail 

This communication describes the finding of a malignant osteogenic sarcoma, 
which had ansen spontaneously at the proximal extremity of the right tibia, 
and had metastasised to the right kidney and to both lungs 

Case history 

A Brown Leghorn female (A 3466) was found to be lame when over seven 
years old She was one of a group of normal hens kept at the Poultry Research 
Centre under ordinary semi-intensive conditions as controls to a long-term 
environmental experiment, briefly reported on by Greenwood (1958) and Wilson 
(1958) A hard swelling had developed m the region of the right femoro-tibial 
articulation Movement of this joint was somewhat restricted but the degree 
of lameness was mild On palpation the swelling was found to be hard, 
apparently painless and firmly adhering to the bone A radiograph (Fig 1) 
showed a tumour involving the proximal extremity of the tibia , it affected 
neither the femur nor, apparently, the joint cavity The tumour was considerably 
calcified and the “ explosive ” pattern on the X-ray was very suggestive of that 
seen m human osteosarcomata The plasma alkaline phosphatase activity of 
this bird was 360 units (mg of 4-mtropkenol liberated by 100 mb of plasma at 
jiH 10, during 60 minutes at 37° C ) 

Post inmtem findings 

A large tumour, about 3 cm in diameter and of very firm consistency was 
situated near the proximal extremity of the tibia The femoro-tibial joint 
itself and the distal extremity of the femur were unaffected No other bones 
of the body were found to be involved Numerous very firm nodular metastases 
of up to 5 mm in diameter were scattered throughout the substance of the right 
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kidnej' Both lungs earned similar tumours of varying size The other organs, 
including the left kidney, showed no macroscopic abnormality 

Transmission experiment 

No tumours resulted from injections of sahne tumour suspension in day-old 
chicks Similar material grew on the chono -allantoic membrane of 3 out of 6 
inoculated 10-day chick embryos, hut further passage failed 

Hi sto -pathology 

Material from the primary growth on the tibia was fixed m 10 per cent formal- 
saline and decalcified Blocks of other tissues and organs were fixed in Susa, 
embedded in paraffin and sectioned without previous decalcification 

The tibial tumour showed a structure typical of osteogenic sarcomata, with 
large areas of osteoid and calcified bone (Fig 2) and, particularly at the periphery, 
areas of more or less undifferentiated spindle-shaped osteoblasts (Fig 3) The 
osteoid and calcified bone was arranged in irregular trabeculae which were 
bordered by chains or sometimes large groups of pleomorphic, somewhat spindle- 
shaped osteoblasts, which frequently bore numerous processes (Fig 4) In 
section the free “ edge ” of the tumour showed sheets of closely knit undifferen- 
tiated cells, exhibiting marked infiltrative growth into the surrounding muscle 
tissue (Fig 5) Although multmucleated giant cells may have been present 
they were by no means obvious, even m the calcified portions of the neoplasm 
In the undifferentiated peripheral portion mitotic figures, although present, were 
not numerous , the nucleoli of the osteoblasts in these areas were, however, 
large and very prominent (Fig 3) The tumour was well vasculansed and there 
v as no evidence of necrosis 

The histological appearance of the metastases was essentially similar to that 
of the primary tumour In the lungs, as well as m the kidney, these secondary 
growths appeared to be fairly well circumscribed and more or less spherical , 
they were not encapsulated and, in fact, manifested apparently rapid infiltrative 
growth into the tissues of the affected organs 

In the centre of these metastases, well differentiated and partially calcified 
osteoid was present, particularly in the lungs Tins was irregularly interspersed 
by groups of readily recognisable osteoblasts The peripheral infiltrating zone 
had a much more anaplastic character, the tumour cells exhibiting great 
pleomorphism and numerous mitotic figures (Fig 6) 

The apparently rapid infiltrative growth of the metastatic tumour cells in 
the kidney is illustrated m Fig 6, where atrophic, but in no nay degenerate, 
renal tubules and glomeruli v ere seen embedded m tumour tissue In the lungs 
the appearance was essentially similar m that the alveoh tended to become 
filled with tumour cells, and in the peripheral portion at any rate, they retained a 
suggestion of lobulated structure Areas of necrosis were not observed m the 
metastatic grow ths 


DISCUSSION 


1 here can be little doubt that this tumour is an osteogemc sarcoma Its 
hmtologjcal and radiological characteristics are virtually identical with those of 
human osteosarcomata According to the classification of Coventry and Dahlm 
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(1957) the tumour resembles a human osteoblastic osteogenic sarcoma on the 
basis of the predominance of more or less anaplastic osteoblasts and the presence 
of a variable but definite osteoid component Calcification was seen not only 
m the primary tumour but also to some extent m the metastases According to 
Dahhn ( 1957 ) multmucleated giant cells are rarely seen m osteogenic sarcomata , 
m the present case such cells were not observed 

It is unfortunately impossible to compare the histology of the present tumour 
with that of other osteosarcomata occurring in fowls The only other cases 
which have been found in the literature were reported by Eber and Malke (1932) 
and Reis and Nobrega (undated), neither of whom give any histological details 

Authorities agree that the most common sites for osteogenic sarcomata m 
man are the distal extremity of the femur and the proximal end of the tibia 
(Christensen, 1925 , Geschickter and Copeland, 1949 , Dahhn, 1957 , Amromrn, 
1959) While m the avian case of Eber and Malke the primary tumour was 
situated on the sternum, m the present case it was found to be at the proximal 
extremity of the right tibia Reis and Nobrega make no mention of the location 
of their tumours 

Two-thirds of the human osteogenic sarcomata occur at an age of between 
10 and 30 years , very young children and old people are seldom affected (Wiihs, 
1953) If a true comparison were at all possible, the present case would be found 
to fall very much outside this range , at the time when the tumour was diagnosed 
the hen was over seven years old, an advanced age for a domestic fowl It is 
possible that one reason why this counterpart of the most common primary 
malignant human bone tumour is so rarely observed m fowls, is that they are not 
kept commercially beyond a maximum age of about 3-4 years 

The plasma alkaline phosphatase activity m this present case was 360 units , 
the range for non-laying, non-moulting, normal hens hes between 25 and 120 
units (Bell, 1960) High alkaline phosphatase activity is also characteristic of 
human osteogenic sarcomata (Willis, 1953) The alkaline phosphatase of the 
plasma is beheved to originate largely if not entirely, m the osteoblasts , the 
enzymic activity of the plasma may therefore be considered to reflect the amount 
of osteoblastic activity m the bone In buds suffering from “ cage layer fatigue ’ , 
which involves a bone dystrophy, high values for plasma alkahne phosphatase 
(300-600 units) have been invariably found (Bell, Siller and Campbell, 1959) 


EXPLANATION OF PLATES 

Fig 1 — Radiograph of the nght leg, showing a large calcified tumour at the proximal end of 
the tibia 'Hie femur and the femoro tibial jomt were not affected Note the partially 
calcified tendons 

Fig 2 — Section of the primary tumour shown in Fig 1 Note the high degree of differentia 
tion with the formation of osteoid and calcified bone There are large masses of mature 
osteoblasts, but no osteoclasts H & E X 95 

Fig 3 — Illustrates the more anaplastic character of the osteoblasts at the periphery of the 
primary tumour H & E x 385 

Fig 4 — Calcified and non calcified osteoid of the tibial neoplasm, showing various degrees of 
maturity in the osteoblasts , some bear very pronounced processes H & E X 385 

Fig 5 — Infiltrative growth of the primary tumour Note the masses of anaplastic osteoblasts 
invading the neighbouring muscle tissue H & E X 95 

Fig 6 — Metastasis m the nght kidney, showing atrophied tubules and glomerulus and also 
mitotic figures H <fc E x3S5 



Bkijlisii Jouhaai, oi Cancj it 


Vol XIII, No 4 



3 


Si Ilu 

















OSTEOGENIC SARCOMA IN A FOWL 


645 


In view of the fact that some bone tumours m the fowl, such as the osteoma 
of Fujinami (1930), the osteo-chondro-sarcoma of Tytler (1913) and the osteoid 
sarcoma of Pikowski and Doljanski (1946), are transplantable, it is noteworthy 
that the transplantation experiments failed m the present case 

Metastases to the lung occur very frequently m man Willis (1953) assesses 
the mcidence of secondary growths m the lungs as high as 75 per cent Spread 
is generally by the haematogenous route and lymphatic dissemination is rare 
In the present case both lungs carried metastases A very interesting phenomenon 
is the confinement of renal metastases to that organ situated isolaterally to the 
affected leg Buds possess a renal portal circulation (Spanner, 1924-25), whereby 
venous blood from the leg is filtered through the capillary bed of the isolateral 
kidney The fact that heavy metastases were found m the right kidney, and 
none m the left, supports the conclusive work of Sperber (1948) on the existence 
of a functional renal portal system This would provide an immediate haemato- 
genous pathway between the primary tumour and the capillary bed m the kidney 
Despite Sperber’s experimental results and Ins carefully summarised evidence 
for and against the existence of a functional renal-portal system there are some 
(e g Barth, 1949) who still question its existence in the adult fowl 


SUMMARY 

A case of spontaneous osteogenic sarcoma is described m a seven-year-old 
female fowl The primary tumour developed on the proximal extremity of the 
right tibia and there were metastases m the right kidney and both lungs The 
radiological and histological exammation of this neoplasm showed the 
characteristic picture of human osteogenic sarcomata A high plasma alkaline 
phosphatase activity was observed in this fowl Transmission experiments were 
negative 

The occurrence of the isolateral renal metastases is interpreted as additional 
evidence for the existence m adult fowls of a functional renal portal system 

The author thanks Di D J Bell of the Biochemical Section for the determina- 
i°n of the alkaline phosphatase activity , he also thanks Dr J G Carr of the 
ntish Empire Cancer Campaign Unit for carrying out the transplantation 
experiments 
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In recent years much, interest has been focused on ascites tumours They 
were originally obtamed from primary tumours in rats and mice that had been 
treated m some way or other The ascites tumours were then transplanted m 
senes through a large number of animals One of the types of tumours developing 
in rats was the Yoshida sarcoma Cells from this tumour proliferate m the 
abdominal cavity and sometimes infiltrate surrounding tissues with formation 
of solid, massive growth, which soon kills the host Thick ascites, a suspension 
of tumour cells, forms in the peritoneal cavity This material can be injected 
into the abdominal cavity of normal rats and the tumour thus carried m series 
Other similar rat sarcomas are Takeda-, MTK- and Hirosaki sarcoma (Yoshida, 
1953) 

A search of the literature faded to reveal any report on the spontaneous occur- 
rence of primary ascites tumours m untreated rats 

This paper is concerned with a spontaneous ascites sarcoma that was found 
to he fairly common m a closed rat colony The tumour was successfully trans- 
planted by intrapentoneal, subcutaneous and intravenous injection It was made 
the subject of chromosomal studies and proved to be dependent on sex hormones 
In the beginning the tumour appeared to be more common m males than m 
females In an attempt to reveal any relationship between sex hormones and 
the development of the tumour, groups of intact male and female rats, castrated 
males, and spayed females were compared One group of spayed rats received 
oestrogen In addition, the frequency of the tumour was studied m parabiotic 
rats, of which one partner was an mtact and the other a spayed female Gonado- 
trophins from the spayed female pass over to the mtact female and stimulate 
its ovanes (Zeckwer, 1946) In the mtact female partner in parabiosis the 
oestrogen production therefore is fairly constant and relatively high The oestro- 
gens are not transferred to the spayed partner 

MATERIAL AND METHODS 

The observations were made m animals of one and the same closed colony 
•at has been maintained, without brother-sister matmg, at the Department of 
•stetrics and Gynaecology m Lund All the animals have been brought up 
m cages of approximate^ equal size and on the same diet consisting of grain 
••••Ik and kitchen refuse 

Some of the animals — males and females — were castrated or spa} ed at 3 v, eeks 
° a & 0 ’ ot h e rs Mere left intact Some of the spayed and intact female rats of 
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the same Litter were joined in parabiosis, coeho-anastomosis, at 4 weeks of age 
Some of the spayed females received oestrogens m oil solution (0 25 ml i m 
= 1 25 mg oestradiolbenzoate /week) for 11 months 
The experimental material is given m Table I 

Table I — Number of Experimental Animals Above 9 Months of Age 
(The first tumour was observed at this age) 


Intact males 45 

Castrated males 50 

Intact females 134 

Spayed females 102 

,, ,, treated with oestrogen 48 

,, ,, m parabiosis with intact animals 24 

Intact females m parabiosis with spayed 24 

Total 427 


Most of the animals were allowed to live until they died spontaneously Some 
were killed to secure fresh material for histological examination All the animals 
were exammed post mortem 


RESULTS 

The tumour was never observed m intact or spayed females before the animals 
were 9 months of age In males they did not appear until still later The 
oldest animal in which a tumour of this type developed was a spayed female, 
20 months old The frequency and age distribution of the animals killed by 
the tumour during the period of observation are given m Fig 1 

Statistical analysis showed that the material permitted no definite conclusions 
regarding the frequency of the tumour m the different groups of animals until 
the animals were more than 12 months old After this age limit the frequency 
of tumours was higher m spayed females compared with intact females and 
spayed rats treated with oestrogen The difference between the frequency 
expected and that observed was 4 times the mean error 

No difference m frequency of the tumour was found between spayed females 
and spayed females that had hved in parabiosis with mtact females Parabiosis 
between spayed females and mtact females produced no statistically significant 
inhibition of tumours m the mtact females 

Neither was any difference found between the frequency of tumours m males 
and females or between mtact and castrated males 

As a rule, the animals died within 2—3 weeks after the appearance of demon- 
strable symptoms They lost weight rapidly and became severely anaemic 
The abdomen swelled severely with ascites and tumour (Fig 2) At autopsy 
the peritoneal cavity was filled with cloudy, usually slightly blood-stained fluid 
Sometimes it was also milky or almost water-clear The ascitic fluid contained 
a large number of tumour cells loosely dispersed or m small clumps The nuclei 
of the cells varied m size and shape The appearance of the tumour cells is so 
characteristic that the cells are readily distinguished from blood cells (Fig 3) 
Chromosomal analysis was performed at the Cancer Chromosome Laboratory 
in Lund (Hansen-Melander and Melander, unpublished) Excellent material for 
chromosomal studies is also obtamed from the soft solid tumours 
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The solid tumours, usually very widespread, were soft and richly vasculansed 
The tumour showed a distinct tendenoy to haemorrhage and necrosis, sometimes 
with secondary mfection The tumour tissue grew m the omentum or on the 
peritoneum and m large confluent infiltrates m the ileocolic mesentery or retro- 
pentoneally (Fig 4) The cut surface of the tumour was sohd and white or 
slightly pink The mediastinum often showed metastases, usually adherent to 
and infil trating the thymus Then the pleural cavities contained fluid of the 
same type as the ascites in the abdomen Metastatic growth to the lymph nodes 



Months of age 

Fig 1 — Each filled square indicates one rat dying from spontaneous ascites tumour Onl\ 
one animal, in Group V, had a co existent tumour elsewhere (m hypoplij sis) The numerals 
designate survi\ als in various age classes 


in the groins, axillae and neck was observed On the other hand, the liver, lungs, 
kidneys and spleen appeared not to be involved, not even microscopically The 
nrgest tumours were situated in the ileocaecal mesentery, winch appeared to be 
ie ongmal site of the tumour, possibly in the lymphatics which there run parallel 
o the ascending colon and extend cramally along the vasa mesenterica superior 
ie ou ter layers of the wall of the colon were seldom infiltrated, and the intestinal 
mucosa was intact 

The tumours, both the large retroperitoneal infiltrates and the various meta- 
* :ues showed the same microscopic picture (Fig 5) with diffuse growth of ana- 
P ptic tumour cells cellular and nuclear polymorplusm The cytoplasm was 
<i nch sparse and acidophilic Cells with large, lobated nuclei were common 
ic nuclei often lay eccentrically m the cells IMitoses were extremely common 
ie 8tromn "as scanty and consisted of a few fine fibrils or trabeculae, rich in 
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small blood vessels Haemorrhages, necroses and infiltration with lymphocytes 
and leucocytes were common The tumour may possibly be regarded as a poly- 
morpho -cellular reticulum-cell sarcoma 

The rats used as hosts in the transplantation experiments belonged to the 
same colony and were, as a rule, 1-2 months old After mtraperitoneal inocula- 
tion of 0 5 c c ascites or a small piece of homogenised tumour suspended in 
salme the ascites sarcoma grew rapidly in some of the new hosts After a few 
passages successful inoculation usually killed the animals within two weeks 
During the last few days before the animals died large amounts of ascitio fluid 
accumulated m the abdomen, which was markedly distended In addition, solid 
growths always occurred m one or more of the sites where the primary tumours 
had been found Inoculation was followed by tumour growth m males and 
females, gonadeotomised or mtact, and mdependently of the fact whether they 
had received ascitic fluid or homogemsed solid tumour 

For some unknown reason in some of the animals the primary tumour failed 
to take After rather many successful passages the tumour sometimes suddenly 
failed to take This might have been due at least m part to genetical hetero- 
geneity of the stram and chromosomal changes m the tumour during its passages 
Of 15 primary tumours takes were obtained with 7 One tumour was earned 
through 18 generations After subcutaneous inoculation of ascites sohd tumours 
developed at the site of inoculation After intravenous injection (into the tail 
vem) of ascites or homogemsed sohd tumour an extensive tumour growth was 
observed m the same sites as after mtraperitoneal inoculation 

DISCUSSION 

The growth of ascites cancer cells m heterologous hosts was found by Ahlstrom 
and Ismg (1955, 1956) to vary with sex On transplantation of mouse ascites 
carcinoma to hamsters growth was more abundant and the yield of tumour cells 
larger m females than m males 

The tumour described here, probably a retioulum-cell sarcoma, growing also 
m ascitic form, and probably of high degree of malignancy (developed early in 
life of the ammals and killed them rapidly) was found to be more common after 
oophorectomy and to be inhibited by administration of oestradiol Tumours in 
the lymphatic tissue (lymphosarcoma) in mice, on the other hand, occur more 
frequently m animals treated with oestrogens (Shimkm, 1957) 

SUMMARY 

A spontaneous ascites tumour probably a reticulum -cell sarcoma, that devel- 
oped m a closed rat colony is described All of the animals with such a tumour 
died between 9 and 20 months of age 


EXPLANATION OF PLATE 

Fig 2 — Rat with spontaneous malignant abdominal tumour producing ascites One week 
before death 

Fig 3 — Tumour cells m ascitic fluid, Papanicolaou X 600 

Fig 4 — Extensive growth of partly haemorrhagic tumour m mesentery and omentum 
(compare Fig 2) 

Fig 5 — Tumour growth m omentum 6 g section Haematoxyhn and eosin X 600 
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CHANGES IN THE OVARIES OF MICE TREATED WITH DIMETHYL- 
BENZANTHRACENE AND OBSERVATIONS ON THE SUBSE- 
QUENT DEVELOPMENT OF TUMOURS IN OVARIES AND 
BREASTS 


JUNE MARCHANT 

From the Cancel Research Laboratories, Medical School, Birmingham, 15 
Recon cd for publication September 3, 1959 


It lias previously been shown that fortnightly skin paintings of an oily solution 
of dimethylbenzantliracene (DMB) induce a Ingh incidence of granulosa-celled 
tumours of the ovary, as well as of breast tumours, m mice of the IE strain and its 
first generation hybrids (Howell, Marchant and Orr, 1954 , Marchant, 1957) The 
earhest ovarian tumour was encountered after 4 months of treatment 

In a subsequent experiment ovaries from F-, C57 B1 X IE mice, which had been 
treated with DMB for 3 months, -were transplanted bilaterally to the ovanan 
capsules of untreated mice In 14 out of 1 8 of these animals large ovarian tumours 
were found 15 months later, many of them being lutennsed (Marchant, 1959a) At 
the same time a preliminary account was given of the incidence of ovarian tumour 
nodules found m a series of DMB-treated mice lolled at monthly mtervals after 
beginning the treatment, for it was important to know whether or not incipient 
tumours were already present m the transplanted ovaries 

The present report gives further details of this attempt to discover at what 
stage m DMB treatment tumour nodules first appeared m the ovaries It describes 
the histological changes that preceded the appearance of granulosa-celled tumours, 
as well as those that occurred simultaneously m non-tumourous ovaries It also 
gives observations on the luteunsation of established granulosa-celled tumours, 
which was not seen m mice of the IF strain or C57 B1 strain reported previously 
(Marchant, 1957) Finally, it reports the mcidence and histology of the palpable 
breast tumours which appeared after the 4th month of the experiment 


MATERIALS AND METHOD 

Eighty -five virgin female mice lacking the mammary tumour agent were used 
m this experiment They were F x hybrids derived from C57 B1 mothers and IF 
fathers They were housed 5 m a box and fed on rat cubes known as the Thompson 
diet 

When the mice were between 2^ and 4 months old, fortnightly skin paintings 
of 0 5 per cent DMB m ohve oil were commenced Up to 6 treatments were given, 
each mouse receiving about 0 2 ml (1 mg ) distributed m 16 spots over dorsal an 
ventral surfaces at each pamtmg 

Ten mice were killed at monthly intervals at the beginning of the expenmen 
After the 4th month breast tumours made their appearance, growing rapidly an 
necessitatmg the kilhng of some animals at irregular times On account of this, 
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the results reported below include some mice winch had to he killed within 2 weeks 
of the specified month 

For a short while before death, vaginal smears were taken from nearlv all 
the mice surviving 4 months or more, to determine whether the ovaries were 
secreting oestrogen or not 

At autopsy the mice were examined for palpable breast tumours many of 
which were removed for histological examination All ovaries were examined 
and removed Those from mice up to and mcludmg the 5th month of treatment 
were serially sectioned After that time representative sections from several 
different levels were mounted Sections were stained with haematoxxlm and 
eosm 

The ovaries of 5 untreated mice aged G months were also examined and serially 
sectioned 

In the early stages follicles and corpora lutea in the largest sections from each 
ovary were counted under low power to give a rough cpiantitatn e estimate of 
changes 


RESULTS 

Ovanes 

Untreated mice — The ovaries of the 5 untreated mice which were C months 
old, were about 3x4 mm m diameter, roughly kidney-shaped, coloured pale pmk 
and studded with bright pmk white or pale Mellon spots 

In histological sections numerous follicles and corpora lutea were seen, 
bounded by a stioina of fibious and vascular tissue (Fig 1) The follicles occa- 
sionally contained 2 oocytes They , together with the corpora lutea w ere situated 
towards the periphen A few tiny clusters of Jipochrome cells were seen The 
largest sections from each of the 10 ovaries were examined m detail They con- 
tained from 12 to 22 follicles with granulosa-cells (mean 15 S) and 13-27 fragments 
of corpora lutea (mean 10 4) per section 

One month DMB treatment — After 1 month of DMB treatment (2 fort night 1\ 
paintings) the o\ anes of the 10 mice examined appeared ‘similar to those of 
untreated animals 

Histologically, too there was little difference from normal 'l ho large -t 
sections however, contained slightly fewer follicles and corpora lute i ] he 
follicles numbered 5-1 0 (mean 12 7) and the corpora lutea '>-24 (mean 17 5) In 
4 of the animals a few of the corpora lutea apjieared to be merging 

Tuo month s DMB treatment — After 2 months of DMB treatment the enarn 1 -, 
of the 10 mice killed appcareel macroscopic t!I\ normal In histologic d nations 
a slight increase m numbers of merging corpora lute i was n and the numhe r- 
of follicles counted m the largest sections of each o\nry had fallen < /inside r >bl\ 
The follicles numbered O-S (mean 3) and the numbers of mdnidua! corpon hit* i 
we re S-2 t (me m 15 5) 

Thm months DMB inatmmt — After i months of DMB tre ltimnt (0 fort 
night h pointings) onh 1 mouse of the 1<» I died had what apjx an d to Ik norm d 
manes macro-copn dl\ 1 he other o\ irie - in the group wen atrophied fairh 
smooth and a ellow i-h 

Ml 20 o\ urns wen \er\ ahnorm d histologic ellx (fig 2) In th< 1 irg* -t 
sections no folia les wen* found but t\ tmm umn of ,dl th* m ml s f ( tj,,ns rt d< d 
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1 graafian follicle in 1 ovary of 4 different mice, and a 5th mouse had 3 graafian 
follicles m 1 ovary Fusion of corpora lutea was much more marked m this 
group of animals and m 7 ovaries no distinct corpora were found The ovanes 
of the mouse, which had appeared to be normal macroscopically, showed the 
least degree of fusion of corpora In 1 mouse, m which no follicles were found 
and fusion of corpora lutea was well advanced, a nodule of tissue resembling 
granulosa-celled tumour was found, similar m size to a ripe follicle or corpus 
luteum It is considered that tins was the earhest certain tumour nodule found 
m this experiment Four ovaries with fused corpora lutea contamed tmy cysts 

Four months from 1st DMB treatment — After 4 months of DMB treatment 
(6 fortnightly paintings) all the 10 mice lulled had abnormal ovaries In 3 mice 
the 2 ovaries were unequal m size, 1 ovary bemg about normal m size, the other 
shghtly atrophied, yellowish and smooth In the larger ovaries of these 3 mice 
small granulosa-celled tumours were found, the largest bemg nearly 2 mm 
diameter and making up about half the volume of the ovary These small 
tumours were relatively undifferentiated or showed pseudofollicular differentiation 
One was made up of 2 small nodules, 1 of which is illustrated m Fig 4 and 5 
Vaginal smears of all 3 mice showed predominantly oestrus smears about the time 
of death 

In the other 7 mice, both ovanes were shghtly atrophied, yellowish and 
smooth Histologically these ovaries showed a complete absence of follicles and 
oocytes from all sections Corpora lutea were rarely distinct bodies and most of 
them were fused into masses of lutein tissue From tins time onwards consider- 
able vanation began to occur m the types of cells comprismg the lutein tissue 
Sometimes the cells were vacuolated or pigmented and m some cases the lutem 
tissue was converted m part to collagenous tissue, resembling human corpora 
albicantia This condition has been referred to as “hyalmised ” (Fekete, 1946 , 
Atkinson, Dickie and Fekete, 1954) Vaginal smears showed predominantly 
dioestrus smears m 3 mice and anoestrus smears m the others In one of the 
former, a tmy nodule suspected of bemg an incipient tumour was found 

Five months from 1st DMB treatment — Fourteen mice were killed about 5 
months from the 1st DMB treatment, 10 of which had palpable breast tumours 
Macroscopically their ovaries were more variable than at 4 months One had a 
dark red lump about 13 mm m diameter in 1 ovary, which proved to be a blood 
clot on histological examination 

Another mouse had an enlarged ovary, about 5 mm diameter, divided into 2 
separate lobes One lobe was pink and this proved to be a granulosa-celled 
tumour which was shghtly luteunsed The other lobe, like the contralateral 
ovary, was very pale yellow and knobbly Tins mouse had predominantly di- 
oestrus vaginal smears 

Four mice had ovaries unequal m size, the larger m each case provmg to con- 
tain a small granulosa-celled tumour Three of these had oestrus smears and 1 
had anoestrus smears 

One mouse had smooth, pale pink ovanes, about normal m size, which were 
found to be mvaded by lymphocytes This mouse had a thymic tumour and 
generalised lymphomatosis, a condition found m about 20 per cent of the mice 
killed from 5 months onwards 

The other 8 mice m this group had atrophied ovanes which were pale yellowish 
colour and smooth or knobbly Like non-tumourous parts of tumourous ovanes, 
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on histological examination (hey showed diffuse lutcinisntion (Fig 3) with varying 
degrees of hxnlinisnlion (he knobbly ovnries being (lie most hynlinised There 
was a complete lack of follicles occasional small clumps of pigmented cells or 
scattered mast cells Two of these mice had o\arics containing small granulosa- 
celled tumours and thc\ had predominantly oestrus smeais Tw r o others had 
suspected tumour nodules m them 1 ha\mg diocstrus and the other anoestrus 
smears (Fig 7 and 8) The other t mice with atrophied ovaries had anoestrus 
smears 

Sn month s from 1 s( DMB treatment — -Elc\ cn mice were killed about 6 months 
from the 1st DMB treatment 9 of them ha\mg palpable breast tumours 

One of these mice had a c>st .7 mm m diameter m 1 ovary It w r as filled 
with clear tluul and m its walls the ovarian tissue was embedded This w r as 
found to be a lutcimscd tumour The mouse had anoestrus smeais 

Another mouse had ovanes unequal m swe, the larger containing a small 
granuloma -celled tumour the vaginal smeais being oestrus 

A third mouse had ovaries about noimel m swe, pale yellow and studded with 
white spots This appearance was due to very marked hyahnisation of corpora 
lutea A small lutcinising tumour was found in 1 ovary and the vaginal smears 
were piedommantlv oestrus 

The other S mice had smooth, yellow ish atrophied ovaries A small granulosa- 
celled turnout was found m 1 of them and another had a suspected turnout and 
oestrus smears The remamdei had diffusely lutemised ovaries with, on the 
whole, a greater degree of hyahnisation then after 5 months and an increased 
number of mast cells present They had anoestrus smears, with the exception 
of 1 mouse which had predominantly oestrus smears and whose ovaries were 
almost completely hyalnuscd 

Seven months from 1st DMB treatment — Fourteen mice were killed about 7 
months after the 1st DMB treatment, 13 of these having palpable breast tumours 
One mouse had a purple lump about 9 mm diameter in 1 ovary, which proved 
to be a blood clot The other ovary v r as atrophied and was found to be com- 
pletely invaded by lymphocytes 

Another mouse had in 1 ovaiy a cyst about S mm diameter filled with clear 
fluid and a lutemised tumour was embedded m its walls It had anoestrus 
vaginal smears 

Five mice had 1 enlarged ovary measuring between 4 and 8 mm diameter 
All of these contained granulosa-celled tumours and m 2 there were signs of 
luteirusation of the tumours Four of the 5 mice had predominantly oestrus 
smears and the other had anoestrus smears 

Five mice had unequal but un-enlarged ovaries, the smaller being atrophied 
The larger ovary of 1 of these proved to be a blood-filled cyst, but the contra- 
lateral atrophied ovary contained a small granulosa-celled tumour This mouse 
had oestrus smears Another had both ovaries very heavily invaded by lympho- 
cytes and its vagmal smears were oestrus The bigger ovary may well have con- 
tamed a tumour but it was impossible to be certain because of the lymphocytic 
infiltration It is therefore scored as a suspected tumour In the other 3 mice 
with unequal ovaries a small granulosa-celled tumour, was found m the larger 
ovary In 1 case it was partly lutemised (Fig 9 and 10) One of these mice 
also had a small tumour in the smaller ovary This mouse had anoestrus smears 
and the other 2 had oestrus smears 
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Tlie remaining 2 mice had atrophied ovaries and 1 contained a small cyst lined 
by ciliated epithelium Both had anoestrus smears All atrophied ovaries were 
diffusely luteimsed and hyahmsed to varying degrees (Fig 4) Mast cells were 
frequently present, as were patches of large pigmented cells 

Eight months from 1st DMB treatment — Six mice survived 8 months from the 
first DMB treatment, all developmg breast tumours 

A sohd yellow tumour about 9 mm diameter was found m 1 mouse It was 
a pseudofollicular granulosa-celled tumour, showing all stages of luteimsation 
(Fig 11 and 12) Vaginal smears were oestrus 

Another mouse had unequal ovaries, the larger being divided into a yellow 
and a dark red lobe, each about 3 mm diameter The dark red lobe, contamed 
a slightly lutemised granulosa-celled tumour, and blood-filled cyst This mouse 
had anoestrus smears 

A 3rd mouse had both ovanes slightly enlarged — about 4 to 5 mm diameter 
One was red and yellow and enclosed m a small cyst filled with clear fluid and the 
red part proved to be a blood-filled cyst The other was yellow m colour and 


EXPLANATION OF PLATES 

All figures show sections of ovaries of F x C57 B1 X IF mice treated fortnightly with dimethyl 
benzanthracene (DMB) Haomatoxyhn and eosin stained 

Fig 1 to 4 show non tumourous ovaries 

Fig 1 — Ovary of untreated mouse aged G months Follicles in various stages of develop- 
ment and corpora lutea are present X 28 

Fig 2 — Ovary of mouse aged months which had received 3 months DMB treatment 
All folholes have gone, but degenerate remains of oocytes are still present x 32 

Fig 3 — Ovary of mouse aged 7 months which hod begun DMB treatment 5 months pre 
viously Few degenerate oocytes remain, corpora lutea are fused and traces '• r hyalmisa 
tion are present x 28 

Fig 4 — Ovary of mouse which had begun DMB treatment 7 months earlier there is a 
marked degree of hyalimsation of lutein tissue X 28 

Fig 5 to 8 show lesions suspected of being early granulosa celled tumours 

Fig 5 — Ovary of mouse which had begun DMB treatment 4 months earlier Amongst eosino 
phihc lutein tissue, a small nodule of moro basophilic cells is seen A larger separate nodule 
was found in this ovary Vaginal smears were oestrus X 60 

Fig 6 — Same nodule as Fig 6 under greater magnification Nuclei of many of the colls 
show prominent nucleoli and nuclear membrane, typical of larger tumours (see F lg 12) 
Granulosa cells of normal follicles have nuclei which stam intensely with haematoxylin 
and in which no structure can be seen X 120 

Fig 7 — Part of a diffusely lutemised ovary containing the smallest suspected tumour nodule 
found Five months after DMB treatment began Vaginal smears anoestrus X 60 

Fig 8 — Same nodule as Fig 8 The cells show a whorled arrangement with fibroblasts 
separating them and more basophilic cytoplasm than surrounding lutem tissue This 
whorled arrangment is typical of some of the undoubted early tumours seen m these hybrid 
mice x 120 

Fig 9 to 12 show ovaries entirely made up of tumour and undergoing luteimsation 

Fig 9 • — Small ovarian t um our from a mouse killed 7 months after first DMB treatment A 
portion of the t um our is still granulosa celled, but the greater part of it is considerably 
lutoimsed Vaginal smears oestrus X 28 

Fig 10 — A lutemised area from the same tumour as Fig 9 Some of the lutemised cells are 
pigmented X 120 

Fig 11 — Part of a large ovarian tumour found 8 months after DMB treatment began Cells 
of undifferentiated granulosa celled tumour in nodules are surrounded by areas of lutemised 
tumour cells Vaginal smears oestrus x 28 

Fig 12 — Part of Fig 11 at higher magnification Cells typical of undifferentiated granulosa 
celled tumour can be seen adjacent to heavily lutemised tumour cells X 120 
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diffusely lutcimsed, with a small pscudofolhcular granulosa-celled tumour m it 
Vagmnl smears were predominantly oestrus 

The other 3 mice had at i opined ovaries These w r erc all diffusely luteimsed, 
with pigmented cells and prominent germinal epithelium In 1 case, the latter 
was mvagmated and there was slight invasion of the ovaries by lymphocytes 
In another \ery small ovary, tlieio wore clusters of anovular folhcules and an 
lmaginatmg germinal epithelium Both of these mice had predommantly 
dioestrus smears The 3rd had a small granulosa-celled tumour m 1 ovary and a 
suspected tumour nodule m the other Its smears w r ere anoestrus 



Fio 13 — Increnso of detect nblo nooplnstic changes in ovaries of DMB treated mice with time 

Ovarian tumour incidence and sinvwal — The incidences of granulosa-celled 
tumours which occurred m the different groups of mice is given in Table I The 
incidence has been plotted against survival tune m Fig 13 and it can be seen that 


Table I — Incidence of Granulosa-celled Ovanan Tumours 
by Size per Month since 1st DMB Treatment 


Months 

since 



Suspected 

Histo- 

logically 

Tumours 

m 

Tumours 

in 

Mice 

with 

ovanan 

1st 

Total 

Without 

tumour 

detected 

unequal 

enlarged 

tumours 

DMB 

mice 

tumours 

nodules 

tumours 

ovaries 

ovaries 

(per cent) 

0 

5 

5 

0 

0 

0 

0 

0 (0) 

1 

10 

10 

0 

0 

0 

0 

0 (0) 

2 

10 

10 

0 

0 

0 

0 

0 (0) 

3 

10 

9 

0 

1 

0 

0 

1 (10) 

4 

10 

6 

1 

0 

3 

0 

3 (30) 

5 

14 

6 

2 

2 

4 

1 

7 (60) 

6 

11 

6 

1 

2 

2 

0 

4 (36) 

7 

14 

3 

1 

2* 

4* 

6 

10 (70) 

8 

Total 

6 

90 

2 

1* 

1* 

0 

3 

4(67) 


* Bilateral tumours 
f Excluding suspected tumour nodules 

46 
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there is a roughly linear increase of incidence with time The regression line and 
its 95 per cent confidence limits are shown on the figure 

Table II summarises month by month the mam histological structures found 
in the ovaries of the C57 B1 x IF hybrid mice treated with DMB 


Table II — Sfiuctvies Picsent in Ovanes of P 1 Tlybnd 0 57 Bl x IF Mice 

Treated with DMB 
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Bi east tuinouis 

Breast tumours occurred after the 4tli month from the begmmng of DMB 
tieatment After the 5th month, many of the mice had more than 1 palpable 
tumour when lolled Table III gives the numbers of tumours developed per 
mouse and the mcidence of mice with palpable breast tumours 


Table III — Incidence of Mice with Palpable Bi east Tumours 



per 

Month Since First DMB Treatment 




Number of palpable breast 




tumours per mouse 

Mice with 

Months 

Total 

t 

A 


breast tumours 

DMB 

mice 

1 2 

3 

4 6 

(per cent) 

0-4 

50 

0 0 

0 

0 0 

0(0) 

5 

14 

9 1 

0 

0 0 

10 ( 71 ) 

6 

11 

4 3 

2 

0 0 

9 (82) 

7 

14 

3 G 

0 

2 2 

13 (93) 

8 

6 

1 1 

4 

0 0 

6 (100) 


Over 40 breast tumours were examined histologically They were adenocar- 
cinomas, often of a papillary type, and frequently with a marked fibroblastic 
component A httle secretion m the tubules was generally present Squamous 
metaplasia was seen m a few tumours, but it was very small m amount Slight 
sebaceous metaplasia was sometimes seen 

Table TV, V and VI show the relationship between the presence of ovarian 
secretion (as judged by vaginal smears about the time of death), ovarian tumours 
(mcludmg suspected tumouis) and palpable breast tumours y 2 tests on the 
data of these tables show a significant correlation between the presence of ovarian 
tumours and the secretion of ovarian hormones, but not between ovarian tumours 
and breast tumours, or between breast tumours and ovarian secretion Only 
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Table IV — Relative. Incidence of Bicast and Ova nan Turnouts in 
45 C57 Bl x IF mice Ticaied with DMB 

Breast tumours 



4 

— 

Totals 

0\ arum tumours »- 

27 

8 

30 

— 

n 

4 

15 

'I otnls 

18 

7 

47 

/ : = 

2 rm r > o l 



Table V — Relation between Piescncc of Ovarian 

Tumours and 

Ovarian Seciehon 

as Judged bg Vaginal Sweats in 

42 C 57 Bl x IF 3hce Treated with D31B 


A agitial 

- -X. 

smears 



f 

Oestrus or 

" > 



dioest run 

AnoestruR 

Totals 

Ovarian tumours 4 

21 

8 

29 

— 

3 

10 

13 

Totals 

21 

18 

42 

/* = 8 

0 P about 0 003 


Table VI — Relation between Piescncc of Ovanan Sea chon and Bieast Turnouts m 

42 C57 Bl x IF 31 ice Treated with DMB 



Vaginal smears 

A 



r 

Oestrus or 




diocstrus 

Anoostrus 

Totals 

Breast tumours — 

22 

13 

35 

— 

2 

6 

7 

Totals 

24 

18 

42 

/ = 2 

224 P about 0 

12 


mice which survived over 4 months are included, because breast tumours were 


not apparent before this time 


DISCUSSION 

Ovanan gi af ting -expci iment 

It will be seen from Table I that, in the 10 mice killed 3 months after the first 
DMB painting, only 1 early tumour was found m serial sections of all 20 ovaries 
We may be fairly sure, then, that detectable incipient ovarian tumours were 
present in very few of such ovaries transplanted to the 18 mice in the ongmal 
experiment (Marchant, 1959a) However, the fact that 14 of them (78 per cent) 
developed large ovarian tumours indicates that changes leading towards tumour 
production had already occurred in the majority of ovaries after 3 months treat- 
ment The present histological study showed no evidence of any form of hyper- 
plasia, but rather of ovanan atrophy brought about by folhcular destruction with 
accompanying reduction in numbers of corpora lutea In a more recent experiment 
the mean weight of ovaries from normal young adult F x C57B1 x IF mice was 
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found to be 9 8 mg , 'while that of ovaries removed 3 months after commencing 
DMB treatment was only 4 mg ° 

The fact that few really large ovarian tumours were found m the present 
experiment is undoubtedly due to the time factor involved Breast tumours 
developed in rapidly increasing numbers after 4-] months of treatment and this 
made it necessary to lull all animals by the Sth month In the original experiment 
(Marchant, 1959a) the ovaries grafted from DMB treated to normal animals after 
3 months of treatment were able to survive a further 14 months m their new 
hosts, allowing ample time to grow into really large tumours 

Histogenesis of ovarian tumours 

When we consider the histogenesis of the granulosa-celled tumours, it seems 
impossible to say vdiat type of tissue the tumours originated from Fig 13 
shows that ovarian tumours steadily continued to appear after 3 months DMB 
treatment, although by 4 months no folhcles remamed m any ovaries It would 
seem that tumours which arose after 4 months treatment could not have arisen 
from folhcular tissue 

There was no evidence of origin of the granulosa-celled tumours from down- 
growth and invagination of germinal epithelium, such as precedes the appearance 
of tubular adenomas, described by Bussell and Fekete (1958) The prominence 
of germinal epithelium and slight mvagmation of it was only occasionally seen 
m the late stages of the experiment and seemed to be associated with ovanan 
atrophy 

It is possible that the tumours may have arisen from stem cells m the ovanan 
parenchyma, a view held by Willis (1953) and others 

Luteimsation of granulosa-celled turnouts 

From a study of the tumours m this and other experiments (Marchant, 19595) 
with ovanes from DMB-treated mice, it seems quite clear that luteomas anse 
from pre-existing granulosa-celled tumours At the time when granulosa-celled 
tumours are first detected, the ovaries are usually in a diffusely luteinised condition 
resulting from fusion of corpora lutea, with fusion and vacuolation of their cells 
This diffusely luteinised tissue somewhat resembles that of a granulosa-celled 
tumour that has undergone a marked degree of luteimsation Thus, on seeing 
a diffusely luteinised ovary containing an incipient granulosa-celled tumour, one 
might be tempted to assume that granulosa-celled tumours arise m pre-existing 
luteomas That this is not the case can only be determined by study of a senes 
of animals killed at intervals of time throughout the mduction penod The 
senes descnbed here has shown that ovaries m a diffusely-lutemised condition 
are atrophied and do not grow m Size, m fact mitosis has never been observed 
m a luteinised cell 

The luteimsation of granulosa-celled tumours was not seen m IF or C57 B1 
mice (Marchant, 1957), but it was very marked m the grafting experiment already 
mentioned (Marchant, 1959a) utilising F x C57 B1 X IF mice It was also seen 
m the later stages of an experiment m which IF or C57 B1 ovanes were transplanted 
into C57 B1 X IF hosts prior to DMB-treatment (Marchant, 19595) It may be 
that luteimsation is a matter of maturation of the tumour cells, or it may he 
brought about by some factor in the internal environment of the hybrid mice 
differing from that in the parent strains 
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Uyahimahon 

“ Hyahmsaiion ” of corpora lutea was a phenomenon not previously en- 
countered m ovaries of C57 B1 mice treated with DMB and only rarely m mice 
with IF ovaries (Hon ell, Marchant and Orr, 1954) It was frequently seen m 
these C57B1 X IF hybrid ovaries as in old dba mice (Fekete, 1946) and in dba 
X CE hybiid mice (Atkinson ei al , 1954) 

Hormone production by ovarian turnouts 

Secretion of oestrogen, as judged by vaginal smears, was seen m 21/29 (72 
per cent) of animals with ovarian turnouts (Table V) Tins is oomparable with 
the 39/4S (81 per cent) found m the previous report of ovarian tumours m IF 
or IF hybrid mice (Howoll, Marchant and Orr, 1954) and indicates that approxi- 
mately 1 out of 4 or 5 granulosa-celled tumours m mice does not secrete oestrogen 

Breast turnouts 

The DDLB treatment mduced breast tumours m the majority of mice surviving 
more than 4 months There was no correlation between the presence of breast 
tumours and oestrogen secretion at the time of death, as shown by Table VI 

SUMMARY 

Eighty-five virgin female F x hybrid mice between C57 B1 and IF strains were 
used They were given up to 6 fortnightly skin pamtmgs of 1 mg DMB m ohve 
oil m order to induce ovarian tumours As far as possible, 10 mice were killed 
at montlily intervals and their ovaries sectioned and examined histologically 

The first change noticed m all ovaries was a gradual diminution m numbers of 
follicles until all had disappeared by the 4th month Corpora lutea became 
fused, until by the 4th month there were rarely any distinct ones to be found 
After this, lutein tissue showed considerable variation with frequent vacuolation 
and pigmentation of cells Sometimes it became converted to collagenous tissue 
resembling human corpora albicantia As a result of these changes the ovaries 
atrophied m size 

Incipient granulosa-celled tumours were found from the 3rd month onwards 
They were usually unilateral and were detected in a steadily increasing proportion 
of animals About three-quarters of the tumours secreted oestrogen, as judged 
by vaginal smears In the later stages the tumour cells showed traces of luteini- 
sation 

There was a gradual increase m numbers of palpable breast tumours after the 
4th month 

The author is grateful to the Birmingham Branch of the British Empire Cancer 
Campaign for support of this work 

REFERENCES 

Atkinson, W B , Dickie, M M and Fekete, E — (1954) Endocrmoloqu , 55, 316 
Fekete, E —(1946) Cancer Res , 6, 263 

Howell, J S , Marchant, J and Ore, J W —(1954) Bnt J Cancer, 8, 635 
Marchant, J— (1957) Ibid, 11, 452 — (1959<z) Acta Un int Carter , 15, 196 —(19595) 
Bnt J Cancer, 13, 306 

Russell, E S and Fekete, E —(1958) J not Cancer Inst , 21, 365 
Willis, R A — (1953) ‘ Pathology of Tumours 1 London (Butterworth) 



662 


THE INFLUENCE OF PSEUDOPREGNANCY ON THE INDUCTION 
OF MAMMARY TUMOURS BY METHYLCHOLANTHRENE IN 
MICE OF THE BALB/c STRAIN 

C BIANCIFIORI, G M BONSER and F CASCHERA 

Fiom the Division of Cancel Pescaich, Unnerstly of Study , Perugia, and the Department 
of Experimental Pathology and Cancer Pcsearch, University of Leeds 


Reconcd for publication Septombor 7, 1039 


Mammary caicmomas can be induced m virgin IF female mice by means of 
chemical carcinogens (Bonser, 1058) But it was shown bj r Bonser (1954) that 
oestrogen alone was not a sufficient substitute for the ovaries as the hormonal 
stimulus m the induction of such tumours by methylcholantlirene However, 
by replacement of the ovarian steroid hormones by oestrogen and progesterone, 
Jull (1954) was able to obtain 0 tumours m 11 ovanectonnsed mice He also 
demonstrated (1953) that virgin females of this strain have a well-developed 
duct and acmar system, the latter reaching a maximum at about IS weeks of age 
but showing much individual variation Tins extensive acmar development 
and the demonstration by van del Lee and Boot (1955) that spontaneous pseudo- 
pregnancy is frequent in virgins of some mouse strains when the females are 
caged m groups, suggested that high levels of progesterone might be operatmg 
m the IF female and might account for the high incidence of breast tumours 
induced by chemical carcinogens It was therefore decided to test the effect 
of repeated mduced pseudopregnancies on tumour induction by a chemical 
carcmogen 

The stram chosen was the BALB/c, winch does not carry the milk factor 
(Andervont, 1940) and has a low incidence of spontaneous mammary cancer 
The only mformation available regarding the leaction of tins strain to chemical 
carcinogens was that obtained by Squartnn (1958) who had failed to induce mam- 
mary tumours m 30 vrrgm mice by means of subcutaneous injection of 1 mg 
of 20-methylcholanthrene m 0 2 c c of olive oil There was, therefore, no guide 
m regard to the dose and duration of the chemical treatment to be adopted In 
order to gam an msight into the mode of action of the chemical, it was decided 
to test three groups of mice virgnis kept five m a cage , virgins deprived of the 
olfactory lobes and kept singly m order to reduce pseudopregnancy to a minimum 
(van der Lee and Boot, 1956) , and virgins kept with vasectonnsed males ni order 
to induce pseudopregnancy 


MATERIALS AND METHODS 

BALBjc sti am 

A fitter of this stram was given to the Division of Cancer Research, University 
of Perugia, by the Chester Beatty Research Institute, London, in November, 
1953 It was then m the 79th generation of inbreednig The Chester Beatt} 7 
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Institute had previously obtained the stiam fiom L Dmocliowski, Department 
of Cancel Research, Leeds, m Decembei, 1052, when it had reached 76 inbred 
generations The donoi to Leeds was II B Andervont 

During the period m Pciugia, tins strain lias readied the 99th generation 
of inbreeding and lias shown a low mammary cancer incidence During 1958, 
m 10 mi gins there weie no tumouis and m approximately 40 breeders there were 
7 5 per cent the latent penod being 76 w'eeks or more During 1959, no tumours 
occurred m 41 i lrgms, but m 44 bleeders the incidence w r as 7 0 per cent at the 
same late date In the hands of Andervont (1041) this stram had an incidence 
of mammaiy cancer m bi ceding females of less than 2 per cent 

Group I (36 mice) — At 4-5 weeks of age, virgin mice w r ere placed five m a 
cage and were so kept throughout the experiment 

Gwup II (41 mice) — At appioxnnatefy 6 weeks of age, under ether anaes- 
thesia, the olfactory lobes were lemoved suigically from virgins by means of 
suction through small trephine holes in the anterior part of the cranium imme- 
diately on eitliei side of the mid-line The mortality w r as low r (10 per cent) 
After recovery the mice were kept five in a cage for approximately one week, 
but thereaftei they w ere placed singly m cages 

Group III (32 mice) — At 6 weeks of age, groups of three virgins were mated 
with one vasectonnsed male, winch wes allowed to remain in the cage throughout 
the experiment 

All groups received similar chemical treatment, namely six applications to the 
skin at foitnightly intervals of 16 drops of 0 5 per cent 20-methylcholanthrene 
(supplied by Messrs Light & Co Ltd , Colnbrook, Bucks) m almond oil (8 drops 
on the doisal and S on the ventral surface) coinmencmg at 12 weeks of age It 
was computed that 1 ml of oil, containing 5 mg of carcinogen, was used for each 
application and that the mice were thus exposed to the carcinogen for a period of 
12 weeks The animals stood the treatment well 

A diet of cubes (supplied by Messrs Pilsbury, Birmingham) and weter ad lib 
was given 

At post mortem a whole mount w r as prepared of the third left (thoracic) breast 
of each treated mouse The ovaiies with capsule were weighed wet and the 
uterme horns were assessed by naked eye examination as normal, increased or 
decreased m size 


RESULTS 

Mammary tumouis 

(a) Incidence — The date of appearance of the mammary tumours and the 
survival of the non-tumourous mice are shown m Fig 1 All the tumours 
were single, except m two mice of Group III In one of these, three tumours 
developed at 25 weeks and m the other two tumours at 37 weeks In Table I 
the percentage of mice bearmg mammary tumours in relation to survival after 
the initiation of treatment is given No tumours occurred m virgins (Group I), 
2 4 per cent m lobectomised virgins (Group II) and 43 8 per cent m females mated 
with vasectomised males (Group III) The survival rate was considerably 
shorter m the last group, 4 of 32 mice surviving for more than 32 weeks, whereas 
the suivival w r as 35 out of 36 and 33 out of 41 m the other two groups respectivelv 
(Fig 1) 1 J 
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Fig 1 — Incidenco of mammary tumours 


EXPLANATION OF PLATES 

Fig 2 • — -Irregular tubular mammary carcinoma (Group III) appearing 26 weeks after the 
beginning of treatment The tubules are irregular m size and shape and there is little 
stroma except at bottom right X 00 

Fig 3 — Solid polygonal cell mammary carcinoma (Group III) appearing 22 weeks after the 
beginning of treatment, with advanced squamous metaplasia X 60 

Fig 4 — Papillary cystio mammary carcinoma (Group III ) appearmg 32 weeks after the 
beginning of treatment x 60 

Fig 6 — Whole mount of third left breast (Group I) 31 weeks after the beginning of treatment 
A well developed pattern of dilated ducts is seen, with no lobules but numerous end buds 
X 60 

Fig 6 — Whole mount of third left breast (Group HE) 24 weeks after the beginning of treat 
ment Florid acinar development This mouse had a mammary tumour m another 
breast x 60 

Fig 7 — Whole mount of third left breast (Group III) 21 weeks after the beginning of treat 
ment Nodule at top x 60 

Fig 8 — Ovary (Group I) 41 weeks after the beginning of treatment Atretio follicles round 
the edge Remains of corpora lutea m the interstices with a group of dark staining cells 
m the centre Pigment containing phagocytes below centre and top right X 60 

Fig 9 — Ovary (Group ELL) 27 weeks after the beginning of treatment Atretic follicles 
top right and bottom left Numerous large, old corpora lutea X 60 

Fig 10 — Longitudinal section of uterine horn (Group I) 46 weeks after the beginning of 
treatment Lumen narrow with simple crypts dipping mto stroma and simple tubular 
glands x 60 

Fig 1 1 — Longitudinal section of uterine horn (Group III) 27 weeks after the beg inning of treat 
ment Lumen irregular with irregular crypts dipping mto stroma Large number of 
glandular cross sections X 60 
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Table I — Incidence of Mammary Tumours in Mice Surviving 
to the Beginning of Each Ten-week Period 

Wooks of survival following 
initiation of treatment 


Group 

10-19 

20-29 

30-39 

40-49 

50-59 

Total 

(per cent) 

I 

30 

30 

30 

22 

1 

0/30 

0 

II 

41 

41 

1/37 

18 

0 

1/41 

2 4 

III 

3/32 

0/29 

0/11 

0 

0 

14/34 

43 8 


Numerator = nvimbor of mico boaring mammary tumours 

Denominator — number of mico surviving to tho beginning of the stated period 


(b) Histological structure — Using the classification adopted by Bonser (1954), 
the mammary tumours in Group III were classified as follows (Fig 2-4) irregular 
tubular 11 (6 with squamous metaplasia and five without), solid polygonal cell 
four (all with squamous metaplasia), and two papillary cystic tumours (one with 
early squamous metaplasia) No carcinosarcomas occurred The one tumour 
which appeared m Group II was of solid polygonal-cell type, with squamous 
metaplasia Emboli of tumour cells were present in some of the perivascular 
lymphatics of one lung 

Structure of the breast 

This was assessed by the examination of the whole mounts No differences 
could be detected m the breasts of Groups I and II The duct system was well 
developed, individual ducts were generally slightly dilated, subsidiary ducts were 
small m number, end buds were prominent but acim were few (Fig 5) and only 
in two mice were small lobules seen In two other mice single “ nodules ” were 
seen By contrast, the breasts of Group III showed flond acinar development, 
the mam ducts were often greatly dilated (especially towards the nipple) and 
nodules were present in all but one of the mice (Fig 6 and 7) The latter were 
numerous, except m 4 mice in which one or two nodules only occurred 

Skin Tumours 

Squamous papillomas and carcinomas of the skin occurred very frequently 
in any site m all groups The larger carcinomas usually ulcerated and thus reduced 
the life span of the ammal 

Lung tumours 

Pulmonary adenomas, usually multiple, occurred in all groups usually remain- 
ing small m size 

Ovanes 

(a) Weight — Those of Group HI were significantly heavier than those of the 
other two groups (Table II) The range in all groups was considerable 

(b) Histological structure — There was a marked difference in the appearance 
of the ovaries m Groups I and II compared with Group m In the former, 
atretic follicles m various phases and broken-up remnants of corpora lutea were 
seen (Fig 8) Entirely normal follicles were absent, though some young follicles 



666 


C BIANCIEIORI, G M BONSER AND 


E CASCHERA 


Group 

I 

II 

III 


Table II —Ovanan Weight* and Utenne Volume 


Number 
of mieo 

3G 

41 

32 


Ovary 

-A 

Avorago Range 

( m 6 ) (mg ) 

0 011 0 003-0 027 

0 010 0 003-0 020 

0 018 0 009-0 030 


Number 
of mice 

36 

41 

32 


Uterus 

■ . — .a. 

Increased Normal 
volume volume 


10 10 
2 8 
26 5 


Decreased 

volume 

16 

31 

1 


showed only a damaged ovum Corpora lutea were present only in occasional 
mice of Group I In the ovaries of Group HI, atretic follicles were present in 
numbers approximating to those m the other two groups, as well as large numbers, 
of large corpora lutea (Tig 0) The lutein cells stained dark pink with eosm and 
were judged to be old structures Although occasional luteomatous proliferations 
■were seen m the ovaries of all groups, no ovarian tumours were detected 


Utei us 

(a) Volume — The uterus was inspected at post mortem and an assessment 
■was made of the size of the horns (Table II) In Group I the horns were either 
thread-like, normal or slightly increased m volume , m Group II they were usually 
thread-like, whereas m Group III they were often thick and dilated 

(b) Histological structure — The uteri of Groups I and II had a structure charac- 
teristic of the virgin mouse, the endometrium being composed of a single lining 
layer of columnar cells placed on dense stroma, into which dipped small numbers 
of simple tubular glands The lumen was narrow, with occasional oiypt-kke 
depressions into the stroma (Tig 10) The uteri of Group III showed a very 
different picture There was no excess of stroma and the component cells were 
not swollen, but the amount of surface epithelium was greatly increased by num- 
erous irregular clefts which dipped into the stroma and gave the lumen a papillary 
aspect (Tig 11) The number of cioss-seotions of tubular glands was increased, 
due eithei to an increase m the actual number of glands or to a more complicated 
structure of those present Penetration of the endometrial glands into the 
muscular coat did not occur 


DISCUSSION 

The present experiments have demonstrated that intact or lobectomised 
virgins of the BALB/c strain, wlucli is free of the milk factoi and has a low spon- 
taneous incidence of mammary cancer, do not develop mammary tumours when 
treated with a dose of methylcholanthrene which is known to be in excess ol that 
required to induce tumours m virgins of the IT stram Jull (195 ), usmg a 
standard limited dose of 4 applications to the skm of an oily so u ion o e 
compound, obtained 6 mammary tumours in 16 IT mice (38 per cen ) 

When pseudopregnancy was induced by mating females with vasec nus 
males (Group III) 44 per cent developed mammary tumours, the induction period, 
ranging from 16-37 weeks following the initiation of treatment, a result close s y 
comparable to that obtained by Jull m IT virgins Thus the hormona 
of pseudopregnancy act as a promoting agent for the indue ion o c 
tumours in BALB /c breasts already submitted to the initiating ac iou 
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ogen This type of promoting stimulus is not essential for the induction of 
mammary tumoius in tlus stram by the nnlk factor for Seven, Okvi and Bianoi- 
fion (195S) found an incidence of 54 per cent of mammary tumours m mrgins 
at ail average age of 50 weeks m B ALB /c mice which had been given milk factor 
by Andervont m 1940 (called BALB/c-f- m Perugia) 

The florid structure of the breasts, the large number of corpora lutea m the 
ovaries and the hyperplastic state of the endometrium constitute evidence that 
the nnce placed with vasectonnsed males were under the influence of oestrogen- 
progesterone secretion Thus these experiments provide further evidence that 
the carcmogemc action of metli3 r lcho3anthrene on the mouse breast is augmented 
by oestrogen combined noth progesteione 

The absence of tumours m mtact and lobectomised virgms was not due to 
short survival in these groups, for the} r lived a good deal longer than the pseudo- 
pregnant mice (Fig 1) It might be suggested that pseudopregnancy alone was 
the cause of the mammary tumours and that initiation by the chemical was an 
unnecessary factor This seems unlikely, as mammary tumours occur spontane- 
ously m low yield only, m old breeders of tins stram It is a point which is, 
however, under investigation 

No attempt was made to study the histogenesis of the mammary tumours m 
Group III but the presence of large numbers of typical hyperplastic nodules m 
the breasts is m keeping with van Rijssel’s (1956) demonstration that m mice with 
the nnlk agent there is a relation between the number of these structures and the 
subsequent appearance of the fully formed tumours He calculated that about 
60 nodules were necessary for every palpable tumour that presented 

The morphology of the induced tumours was similar to that of chemically- 
mduced tumours of the IF stram The predommant tumour was the irregular 
tubular adenocarcinoma, which may be regarded as the characteristic tumour of 
chemical induction, but solid polygonal and papillary cystic tumours also occurred 
In two tlnrds there was squamous metaplasia, thought by Bonser (1958) to be 
associated with excessive dosage of the chemical Although carcinosarcomas 
were not found, this type of tumour is not uncommon m IF mice treated with 
methylcholanthrene or 1 2 5 6-dibenzanthracene 


SUMMARY 

Three groups of females of the BALB/c stram (with low breast cancer inci- 
dence and no nnlk factor) were treated with 20-methylcholanthrene apphed to 
the skin m oily solution 

In Group I (36 virgms kept 5 in a cage) no mammary tumours occurred, 
although the mice survived for a period greater than 30 weeks after the beginning 
of treatment In Group II (41 virgms with olfactory lobes removed) there ivas 
one mammary tumour 36 weeks following the initiation of treatment, 37 mice 
having survived for 30 weeks or more In Group III (32 females kept 3 m a cage 
with a vasectonnsed male) the mcidence of mammary tumours was 43 8 per cent, 
the latent period bemg 16-37 weeks Benign and malignant tumours of the 
skm and lung adenomas occurred in all groups 

In the mice of Group III there was evidence of the excessive hormonal stimu- 
lation of pseudopregnancy in the florid structure of the breasts, the large number 
of corpora lutea m the ovaries and the luqierplasia of the uterine endometrium 
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It is postulated that the hormonal stimulation, of pseudopregnancy, through 
oestrogen and progesterone, acted as the promoting agent in the causation of 
mammary tumours m breasts which had been subjected to the initiating action 
of methylcholanthrene 

C Biancifion and F Caschera were supported by a research grant from the 
National Cancer Institute, National Institutes of Health, Pubhc Health Service, 
Bethesda, Maryland, USA 
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The early changes, including hyperplasia, induced in the liver of the rat by 
the oral administration of 2-acetylammofluorene were described by the author 
and Ins French colleagues (Laws, Mabille, Royer and Rudah, 1952) and in less 
detail by Skoryna and Webster (1951) The studies have been continued for 
some years m tins department Recently Laird and Barton (1959) have investi- 
gated the quantitative aspect of this effect and have pointed out that the period 
up to the onset of hyperplastic change m the hver of ammals treated with this 
carcinogen appears to coincide with the minimum period of administration of the 
chemical winch is necessary to provoke the ultimate appearance of tumours m 
this organ The work described here has made use of the possibility of inducing 
regenerative hyperplasia m the hver by means of partial hepateetomy to study 
m more detail the nifluence of such a reaction on the effect of 2-acetylamino- 
fluorene Histological examination of the liver durmg the process has helped 
to make clear some of the mechanisms involved 


MATEKIAES AHD METHODS 

Animals — The rats used in most of this work were bred m this laboratory 
and were of Wistar stock In the experiment contrasting the behaviour of young 
and old rats, the ammals were of Birmingham stock, obtamed from the Depart- 
ment of Anatomy, University of Birmingham No difference has been noticed 
m the response of these two stocks of rats to treatment with 2-acetylammo- 
fluorene Only male rats were used throughout, smce hver changes are rarely 
found m females Unless noted all rats were adult (weight at least 200 g ) when 
the experiments began 

Carcinogen treatment — The carcinogen, 2-acetylammofluorene was obtamed 
m pure form from L Light and Sons It was used, at a strength of 0 1 per cent 
incorporated in a meal diet supphed by the North Eastern Agricultural Co- 
operative Society, Aberdeen The carcmogen was dissolved m 500 ml of acetone 
and mixed with 10 kg of the meal which became lightly dampened throughout. 
Water was added to form a paste which was formed into cakes and dned These 
were fed ad libitum to the rats together with water The meal used was of the 
same composition as the rat cakes from the same manufacturers used to feed the 
general stock of rats and mice, and provided a full balanced diet 

Partial hepateetomy — The operation, by the method of Higgins and Anderson 
(1931), consisted of the removal of the anterior and left anterior lobes of the hver 
after ligature Approximately two -thirds of the hver substance was effectively 
removed, on the average 
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Oeneial — All animals included m the experimental figures were subjected to 
a full post-mortem exammation and histological sections of all relevant lesions 
were examined after staining with liaematoxylin and eosin 


RESULTS 

The earliest changes provoked by 2-acetylammofluorene are of a toxic nature, 
reducing the efficiency of the liver cells and leading to the death of many cells’ 
In earlier experiments of the author (Laws el al , 1952) and in those of Laird and 
Barton (1959) this was m some cases sufficient to lead to the death of the animals 
Even in those rats less severely affected, histological exammation of the liver 
showed a loss of parenchymatous cells around the portal tracts, with hyperplasia of 
small non-parenchyinatous cells of uncertain origin Tins stage is followed by one 
m which cell division among the parenchyma cells rapidly produces a replacement 
of the lost tissue, and goes on steadily to genuine hyperplasia Li the animals 
used m the present experiments (albino rats of so-called Wistar stram bred in the 
laboratory, but of micertam ancestry), the changes are less dramatic, death seldom 
occurring during normal 2-acetylammofluorene feeding Histologically also 
the changes are more gradual but the outcome is the same, a nodular, hyper- 
plastic hver In spite of the little apparent change in the livers of these animals, 
partial hepatectomy performed after three weeks feeding unmasks a profound 
diminution in liver efficiency If such ammals are treated with the carcinogen 
after the operation also, most of them are dead within two weeks (26 out of 40 
ammals up to date) Such ammals which die or are killed at tlus time are found 
to have hver weights only about one-third of the normal, i e only about the 
amount of hver left by the hepatectomy, m contrast with the rapid replacement 
of hver tissue m normal ammals after such an operation Ascites is invariably 
present and usually other effusions and a general waterlogging of the tissues 
This probably results from hypoalbummaemia due to poor hver function, although 
this has not so far been proved by direct estimation 

Histologically such livers present the senes of changes noted above m a very 
severe form Within a few days of the operation much of the paienchyma of 
the remaining lobes has disappeared, principally around the portal tracts, and 
there is marked proliferation of small cells in this region, stretching out into the 
parenchyma which is still present (Fig 3) If the animal survives as long as a 
week, regeneration begins and can be seen by the eighth day by the naked eye 
in the form of small translucent nodules on the surface of the organ, and on the 
cut surfaces Such nodules can be shown by a senes of preparations examined 
histologically to originate as small groups of cells (presumably formed m the first 
place by division of one cell) staining basopluhcally and containing many mitotic 
figures (Fig 1 and 2) They are always situated m the region of the radicles of 
the hepatic vem, the part least damaged, although they enlarge rapidly and by 
the fourteenth day may largely have replaced the remaining old parenchymatous 
cells, and the small cells which had infiltrated (Fig 4) The animal may die even 
at this stage but if it survives, the enlargement continues to reproduce the original 
bulk of the hver and beyond this to genuine hyperplasia 

Hepatectomy performed five weeks after the commencement of carcinogen 
feeding leads to similar results if the administration is contmued after operation 
After seven weeks of feeding however the mortality is much less, and the animals 
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remain healthiei Livei legeneration is still slow in such animals, but the organ 
weight reaches the lowei limits of normal in some by the fourteenth day Micro- 
scopically such animals show less destruction after operation and a more rapid 
onset of the nodulai regeneration, otherwise similar in type At the other extreme, 
if liepateetomy is performed on the day on which feeding with 2-acetylamino- 
fluorene is started there is little delay m the onset of a normal general regenerative 
reaction, and the liver weight returns to near the normal hunts m seven days 
There is however the tendency for the weight to remain a httle below normal, and 
nodules start to form as m the other cases By the fourteenth day such nodules 
containing many mitotic figures are prominent Regeneration m animals given 
three weeks treatment with carcinogen and then two weeks on a normal diet 
before liepateetomy behave much like those given no treatment before operation 
This suggests that an extreme degree of liver damage, likely to cause death after 
liepateetomy, is due to cumulative toxic action on the hver cells by the 2-acetyl- 
ammofluorene Such an extreme degree of damage is not a prerequisite for the 
onset of nodular proliferation, although tins process is undoubtedly more vigorous 
m animals threatened until immment decease from hver failure It does appear 
that some degree of “ stram ” precipitated by functional mcapacity, is needed 
to start this process gomg How such a “ stram ” can be translated into a 
stimulus which results m the production of a new race of hver cells capable of 
resisting the toxic effects of 2-acetylammofiuorene, and of still responding to the 
physiological stimulus for regeneration, remains to be investigated 

So many of the changes which accompany carcinogenesis in any organ must be 
incidental that to establish a connection between such events and the process of 
carcinogenesis itself it is essential to show that they do affect the actual production 
of tumours In the case under consideration the performance of a liepateetomy 
at the appropriate period might be expected to alter the latent period or the 
meidence of hver tumours It might also shorten the period of administration 
of carcinogen needed to produce tumours, if the precocious appearance of the 
changes described, means that the “ initial, essential step ” (Laird and Barton, 
1959), has already been accomplished at the end of three or four weeks Experi- 
ments already earned out by the author (Laws, 1956) have established an effect 
of hepatectomy, carried out at the beginning of the carcinogen feeding penod, 
on the latent penod of hver tumour production, although the incidence of tumours 
was unaltered In the first experiment (Table I), animals treated by tins pro- 

Table I 


Hepatoma incidence in periods 




(a) 

12-14 

months 

(b) 

1S-17 

montlis 

(c) 

18-24 

months 


Group 

Hepatectomy performed 

(after start, of AAE feedmg) 

Total 

A 

None (normal controls) 

1 

6 

1 

8/11 

B 

3 weeks before AAE feeding 
started (Hepatect controls) 

0 

5 

3 

8/10 

C 

At start of AAE feeding 

5 

4 

1 

10/10 

D 

After 3 months of AAF feedmg 

0 

1 

8 

9/11 

E 

At end of AAE feeding (4 
months) 

1 

3 

4 

8/10 


(Total out of number ah\e at twehe months ) 
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cedure allowed five deaths with gross liver tumours out of ten anim als at a time 
when only two out of forty-two other rats not hepatectomised early in the feedmg 
period had developed tumours These other animals included, as well as normal 
controls, animals hepatectomised after three and four months of carcinogen 
feedmg, that is to say after the onset of hyperplasia In these latter animals the 
onset of tumours was, if anything, delayed beyond the period seen in the normals 
Skoryna and Webster (1961) also concluded that partial hepateetomies started 
m the third month of 2-acetylaminofluorene feeding, even if repeated, did not 
accelerate the appearance of tumours A further experiment on these lines is 
still in progress , the first results are similar to those of the earher one 

The period by which the appearance of tumours was accelerated was about 
three months, which comcides roughly with the period taken in our animals for 
the appearance of hyperplasia on plain 2-acetylammofluorene feedmg This 
would fit in with the suggestion of Laird and Barton (1959) that it is from the 
onset of hyperplasia that the irreversible process of tumour formation should be 
dated It would seem that the latent period before the onset of rapid tumour 
growth is unaffected by hepatectomy outside the “ critical ” period, which lasts 
up to the time of onset of hyperplasia during 2-acetylammofluorene feeding The 
finding of Glmos, Bucher and Aub (1951) that m rats treated with dimetliyl- 
ammobenzene, hepatectomy at the time of withdrawal of the carcinogen appeared 
shghtly to hasten the appearance of tumours, suggests that the mechanism of 
action of the azo-dye carcinogens may differ from that of 2-acetylammofluorene 
This is made more probable by the difference m the time-course of liver hyper- 
plasia noted by Laird and Barton when using a carcmogen of the azo-dye group 
(3'-methyl-dimethylammoazobenzene) 

These authors also note that the onset of hyperplasia occurred later m rats 
which were of greater weight, and incidentally older, at the time carcmogen feedmg 
was started In another experiment carried out by the author m tins laboratory 
it has been shown that the latent period before the onset of aotive tumour growth 
is also affected by the age of the rats at the time at which feedmg with carcmogen 
is started Two groups of rats were given the same course of four months feedmg 
with 2-acetylammofluorene The first group had an average body weight of 
100 g and the second an average of 380 g at the start The small rats gamed 
weight during the four months m spite of treatment, the larger ammals lost weight 
The results, not previously reported, show a significantly earher incidence of 
tumours m the young group (Table II) By fourteen months there had been six 


EXPLANATION OF PLATE 

Fig 1 — Rat 1 Wt 200 g Wt of liver at death 4 6 g (normal 10 g ) Killed 8 days after 
partial hepatectomy Infiltration of cells round portal tracts and basophilic nodules near 
central veins X 110 

Fig 2 — Rat 1 High power view of basophilic nodule with mitosis X 660 
Fig 3 — Rat 2 Wt 260 g Wt of liver at death 2 76 g (normal 10 g) Found dying 
rune days after partial hepatectomy Severe infiltration round portal areas with diminution 
of parenchyma Basophilic nodules only beginning to form X 66 
Fig 4 — Rat 3 Wt 360g Wt of liver at death 3 6 g (normal 13 g ) Found dying 14 days 
after partial hepatectomy Liver contained many pale or translucent areas on naked-eye 
examination Nodules have enlarged and are compressing the surrounding original tissue 

and the infiltrating cells X 66 , , 

(All anim als received carcinogen treatment for three weeks before hepatectomy, ana suose 

quently until death ) 
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Table II 


Hepatoma incidence m periods 



(ft) 

12-14 

months 

(b) 

16-10 

months 

(c) 

17 months 
and over 


Group 

(after start of AAF feeding) 

Total 

Young (100 g body \\t ) 

0/7 

(i o 1 death 
without hepatoma) 

0/1 

2/2 

8/10 

Old (3S0 g body \vt ) 

1/4 

(l e 3 deaths 
w ithout hepatoma) 

0/3 

3/4 

4/11 


(Hepatoma deaths gi\ en as fraction of total deaths ) 


deaths with large liver tumours m this group, but only one in the older animals 
Later tumours appeared more frequently m the older group Comparison of the 
total tumour incidence m the two groups is unsatisfactory since many of the older 
animals died befoie leachmg the period of highest tumour mcidence m this group 
There was a difference of about ten weeks in the median tumour death ages for 
the two groups, winch is similar to the difference in the time of onset of hyper- 
plasia noted by Laird and Barton in their expenments with groups of rats of 
different initial weights, using tins carcmogen 

DISCUSSION 

Following partial hepatectomy m rats which have received 2-acetyl-amino- 
fluorene, mitotic activity occurs only in the hyperplastic nodules which then 
appear Even when the nodules are still small, mitoses have not been seen m 
the sickly parenchyma around them Once a nodule has formed mitosis occurs 
rapidly, and the eventual hyperplastic liver has apparently been formed from the 
descendants of the comparatively small number of cells which have originated 
the nodules This process contrasts with the diffuse mitotic activity seen in 
normal regeneration, and which is reported by Laird and Barton (1959) as occurring 
in rats treated with 3-methyl-dimethylaminoazobenzene For tins reason it 
would seem un wise to compare directly results obtained with the two carcinogens, 
or to assume that quantitative results obtained with one can be applied to a con- 
sideration of the mode of action of the other Under the conditions of nodular 
replacement obtaining in the 2-acetylarmnofluorene treated animals, regenerative 
activity is of course slower The time taken m the expenments for the return 
of the liver weight to normal levels is sufficiently slow to allow for the extra 
generations of cells which must be produced Observations on the similar, 
though more gradual formation which occurs in uncomplicated carcmogen feeding 
suggests that here too there is a gradual replacement of “ normal ” livei cells 
by the descendants of a small number of cells which have been changed m some 
way by exposure to the carcmogen In particular, as suggested by Skoryna and 
Webster (1951), they appear to have become resistant to the toxic action In 
spite of this suggestion that all the cells m a hyperplastic hver are “ changed ”, 
tumours arise from only a minority of the cells by a further, later burst of mitotic 
activity accompanied by other changes m behaviour It seems that as Laird 

4-7 
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and Barton (1969) suggest, an essential step for carcinogenesis ocours when 
hyperplasia supervenes With 2-acetylammofluorene further alterations, perhaps 
not dependent on the direct action of the carcinogen, are necessary before true 
tumour formation can occur, as well as subsequently Further the possibility 
must be considered that the change m certain cells which results in a resistance 
to the toxic action of the carcinogen and which enables hyperplasia to occur, may 
not necessarily be the essential carcinogenic change It may accompany this, 
or set the stage for it Experiments at present in progress on the behaviour of 
cells isolated from hyperplastic livers into tissue culture may help to throw some 
further light on the changes which occur at tins stage, as may others in which a 
short period of carcinogen feedmg, too short to give rise to tumours normally, 
is bemg combined with liepatectomy at the second or third week of feeding 

SUMMARY 

(1) Liver regeneration m rats following hepatectomy is severely delayed and 
disorganised when the carcmogen 2-acetylammofluorene is administered for three 
weeks befoie the operation and subsequently Regeneration under these cir- 
cumstances occurs by nodular proliferation from a relatively small number of 
centies 

(2) When hepatectomy is performed at the beginning of the carcmogen feedmg 
period, the initial phase of regeneration proceeds normally but is quickly super- 
seded by nodular replacement Such animals show a reduction m the latent 
period for liver carcmogenesis 

(3) Rats started on a course of 2-acetylammofluorene treatment at the age of 
eight weeks also show a reduced latent period for liver carcmogenesis as compared 
with rats winch are adult at the start of the treatment 

(4) It is suggested that during such treatment with 2-acetylaminofluorene 
an irreversible step m the process of carcmogenesis occurs at the onset of nodular 
hyperplasia Hepatectomy early m the feedmg period probably brmgs this step 
about precociously 

It is a pleasure to acknowledge the technical assistance of Miss Salhe Yates, 
and the help of Mr C Eastcott with the photomicrographs 
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A detailed description of the lymphocytic type of leukaemia of CBA mice 
used m the present study, including an assay method for determining the density 
of viable leukaemia cells in single-cell suspensions prepared from the infiltrated 
livers of fully leukaemic mice, was given m a previous paper (Hewitt, 1958) 
The assay method was later used to determine a survival curve for the liver 
leukaemia cells irradiated m mvo m leukaemic mice breathmg air during total- 
body irradiation (Hewitt and Wilson, 1959) Under these conditions a hnear 
relationship was demonstrated between whole-body radiation dose and log 
survival ratio among the viable leukaemia cells The D 0 value given by the 
lmear part of the curve (the increment in dose of radiation required to reduce 
the number of viable leukaemia cells to 37 per cent) was 165 r 60 Co gamma 
radiation The disposition of the points suggested a 2 -tut curve but tins feature 
was not determined with certainty Comparison of the D 0 value for mouse 
leukaemia cells with the D 0 value obtained for human HeLa cells irradiated 
%n intro under well oxygenated conditions (Puck and Marcus, 1956) could not be 
usefully made without information concerning the oxygen tension in the environ- 
ment of the mouse leukaemia cells at the tune of their irradiation m vivo in mice 
breathing air Comparison of the radiosensitivities of the HeLa cells and mouse 
leukaemia cells, as described by the established D 0 values, would only be valid 
if it could be shown that the leukaemia cells were, like the HeLa cells, in a well- 
oxygenated environment at the tune of then irradiation The importance of 
this comparison relates to the appropriateness of extrapolation to human tumours 
of radiobiological data obtamed for mouse tumours 

The macroscopic and histological appearances of the livers of the fully leukaemic 
mice used for determination of the m vivo survival curve alread 3 r referred to 
suggested that the vascularity of the liver is impaired at this stage of the disease , 
and it was considered that an unknown proportion of the masses of vigorously 
metabolising leukaemia cells infiltrating the liver might have been under severely 
hypoxic, if not anoxic, conditions at the tune of irradiation If tins proportion 
were large, a rise in the radiosensitivity of the cells might be expected if the mice 
were exposed to radiation while breathmg oxygen instead of air , on the other 
hand, rendering the cells anoxic durmg irradiation, by killing the mouse before 
exposure, would not be expected to reduce the radiosensitivity significantly 
Investigations mto these questions form the subject of the present paper 
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MATERIALS AND METHODS 

Mica — CBA male mice bred in this laboratory by brother-to-sister mating 
were used m all the experiments , the mice were 2-4 months old at the time of 
experiment The leukaemic mice which were irradiated had been injected mtra- 
pentoneally with several million leukaemia cells 9-11 days previously At the 
tune of irradiation the mice were moderately sick, almost all organs being heavily 
infiltrated with leukaemia cells 

Irradiation of mice — The leukaemic mouse was placed in a “ Perspex ” 
cylinder of such dimensions as permitted the mouse to assume a normal uncramped 
restmg posture but prevented it from turning round The cylinder was closed at 
each end with a rubber bung perforated by a short length of glass tubing, one end 
of which served as an exit for the gas mixture to be circulated through the cylinder 
The gas mixture was allowed to flow m at the opposite end via a flow meter from 
a cylinder containing the desired gas mixture (British Oxygen Company, Ltd ) 
Two gas mixtures were used air containing 5 per cent carbon dioxide, and 
oxygen containing 5 per cent carbon dioxide The carbon dioxide was included 
to ensure an adequate respiratory stimulus Each gas mixture was allowed to 
flow through the cylinder at a rate of 1 8-2 2 litres /mm for 10 minutes before, and 
throughout, irradiation The “ Perspex ” cylinder containing the mouse to be 
irradiated was positioned in a beam of 60 Co gamma radiation from a Eblocune 
beam unit (a “ Theratron ”) The whole-body dose was dekvered at a mean 
dose rate of 70-74 r/min and was given as equal exposures to both sides of the 
cylinder The distance from the source to the centre of the cylinder was 62 cm 
and the field size used was such as to cover the mouse very generously Under 
these conditions, the whole-body dose was uniform throughout the mouse to about 
±3 per cent 

At each radiation dose level used, an air-breathing and an oxygen-breathing 
mouse, both at the same advanced stage of the disease, were exposed separately 
but on the same day, the two mice bemg treated under identical conditions except 
for the different gas mix tures respired Experiments at different dose levels 
were done on different days, but mice at a similar stage of the disease were used 
on all occasions 

For irradiation of the leukaemia cells under what are assumed to be anoxic 
conditions leukaemic mice were killed by fracture of the neck I minute before the 
start of their exposure to radiation under the same conditions as the living mice 
The senes of dead mouse experiments was undertaken at a slightly later stage 
of the leukaemia’s history than the living mouse experiments However, the 
radiosensitivity of the cells in living mice was determined again after completion 
of the dead mouse expenments, and was found to be unchanged 

Measurement . ; of the survival ratios m irradiated leukaemia ceU populations 
Details of the method of preparing single-cell suspensions of leukaemia cells 
from the hvers of leukaemic mice have been described previously (Hewitt, 1958) 

Tn the present expenments, such suspensions were prepared from the hvers of 
the irradiated mice within 20 minutes of the end of their exposure The density 
of morphologically intact, and apparently viable, leukaemia cells was determined 
by counting in a haemocytometer by phase-contrast microscopy 0 2 ml 
volumes of serial tenfold dilutions of the counted suspension m 5 per cent CBA 
mouse ser um m Tyrode solution were injected mtraperitoneally into groups of 
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6 CBA male mice The range of mean cell doses injected was preselected to cover 
the expected end-point of an assay The injected mice were observed for a 
period of 90 days (a period twice as long as the longest latent period ever observed 
m a mouse mjected with a small inoculum of cells of this stiam of leukaemia), 
and the incidence of leukaemic deaths was recorded for each group From the 
results, the number of morphologically mtact leukaemia cells required to transfer 
leukaemia to half a group of injected mice was calculated by the method of 
Reed and Muench (193S) It was found that the yield of morphologically intact 
leukaemia cells obtamed from the livers of irradiated mice within one hour of 
irradiation was not reduced below that expected from untreated leukaemic mice 
The TD50 values obtamed for morphologically mtact cells from irradiated mice, 
however were significantly higher than the average value given by cells from 
untreated mice and were a function of the dose of radiation Thus, irradiation 
abolished the reproductive mtegrity of a proportion of the leukaemia cells without 
producmg immediate morphological changes appreciable by phase-contrast 
microscopy It was found previously (Hewitt, 1958) that in 6 assays of leukaemia 
cells from unirradiated leukaemic mice, the TD50 values varied from 0 7 to 
3 0 cells, averaging 2 0 cells The log survival ratio m an irradiated leukaemia 
cell population was calculated simply by subtracting the log TD50 given b} r 
the irradiated cell population from the log of the average TD50 given by umr- 
radiated populations 


RESULTS 

Irradiation of leukaemia cells m mice breathing 95 per cent air or 95 pei cent oxygen 

The log survival ratio among the hver leukaemia cells was determined for mice 
breathing oxygen containing 5 per cent carbon dioxide durmg irradiation with 
800, 1400 or 2000 r total-body radiation At each dose level the log survival 
ratio was similarly determined for the leukaemia cells irradiated in a mouse 
breathing air containing 5 per cent carbon dioxide The results are recorded m 
Table I In Fig 1, the result of each experiment has been entered m the graph 
relatmg log survival ratio and radiation dose The points obtamed are seen m 
relation to the log survival curve previously obtamed for the leukaemia cells 
irradiated m mice breathmg air alone (Hewitt and Wilson, 1959) None of the 
points departs significantly from the log survival curve previously obtamed, and 
there is no significant difference at each dose level between the survival ratios 
obtamed for cells irradiated m mice breathmg 95 per cent air and for cells irradiated 
in mice breathmg 95 per cent oxygen 


Table I — Log Survival Ratios among Leukaemia Cells Irradiated In Vivo in the 
Livers of Leukaemic Mice Breathing (a) 95 per cent Oxygen, (b) 95 per cent 
Air , during Irradiation 


Dose of radiation 
(r , ,0 Co gamma ravs) 

800 

1400 

2000 


Log sun i\ al rat 10 


Mice breathing Mice breathmg 
oxygen air 

3 83 3 72 

4 55 4 90 

5 20 f, 53 
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I 1 ) radiation of leukaemia cells m mice immediately after death 

It will be appreciated that m the dead mouse experiments the leukaemia cells 
are allowed to remain m the livers of the dead mice for a period slightly longer 
than the length of time occupied by the exposure to radiation, and that durmg tins 
time they would be expected to be under stnctly anaerobic conditions and at a 
temperature falling gradually from 37° C to room temperature It was con- 
ceivable that a proportion of the cells might lose their viability under these 



Dose of whole body radiation (r, 60 Co gamma rays) 


Fio 1 — Survival curves for leukaemia cells irradiated (a) in dead mice, (b) in living mice 

Survival curve for cells irradiated in h\ mg mice breathing air (Hewitt 

and Wilson, 1959) 

O Survival ratios for cells irradiated in mice breathing 5 per cent C0 2 m oxygon 
A Survival ratios for cells irradiated in mice breathing 5 per cent CO s in air 


conditions If this were so, the viability loss for cells irradiated in dead mice 
would be the summation of loss due to anoxia and starvation, and loss due to 
radiation-induced damage The longest time of irradiation m these experiments 
was under 43 minutes (when 3000 r was delivered at a rate of 70 6 r/mm ) A 
preliminary experiment was therefore done m an attempt to detect a rise in the 
TD50 value given by the leukaemia cells aftei their residence in the liver of a 
dead leukaemic mouse at room temperature for 47 minutes after death A 
portion of liver was removed from a leukaemic mouse immediately after death 
by neck fracture and the operation wound was sewn up and the mouse allowed 
to remain at room temperature The TD50 of the leukaemia cells released 
from the excised fragment was then determined A second liver sample was 
removed from the mouse 47 minutes after death and the TD50 determined for 
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tlie cells in this fragment The TD50 values obtamed were 10 cells and 3 2 cells 
respectively It is concluded that the viability loss detected among the cells 
irradiated m dead mice was due to radiation-induced damage alone and was not 
contributed to by environmental influences associated with temporary residence 
of the cells in the tissues of a dead mouse 


Table II — Log Survival Ratios Among Leukaemia Cells h > a (hated in 
the Livers of Leukaemic Mice soon after Death 


Dose of radiation 
(r , e0 Co gamma raj s) 

S00 

1400 

2000 

3000 


Log suri ii al ratio 

1 44 

2 83 

3 98 

4 79 


The log survival ratios obtamed for leukaemia cells irradiated m dead mice 
are recorded m Table II, and it is seen from the upper curve of Fig 1 that there 
is, again, a linear relationship between log survival ratio and the dose of radiation 
From the linear part of the curve, which extrapolates to cut the zero dose axis 
at about +0 3, the D 0 value is approximately 380 r, compared with 165 r for 
the leukaemia cells irradiated m vivo in mice breathmg air or oxygen Thus, 
for equal survival ratios, the dose required when the cells are under what are 
assumed to be anoxic conditions is greater than that required when the cells are 
irradiated in what is assumed to be a moderately well-oxygenated environment, 
by a factor 2 3 approximately 


Theoretical radiation survival curves foi leukaemia cell populations consisting of 
known proportions of anoxic and well oxygenated cells 

The linearity of the log survival curves for both anoxic and veil -oxygenated 
leukaemia cells suggests that m each case the cells of the exposed population 
were remarkably uniform m respect of their environmental oxygen tension For 
the cells in dead mice such uniformity is to be expected, since it is inconceivable 
that foci containing available oxygen could persist among rapidly metabolising 
cells within an organ whose circulation has ceased For the cells m mice breatlnng 
oxygen or air the apparent uniformity is more surprising we should expect a 
proportion of the cells to he m situations where tlirombosis or othei vascular 
accident has given rise to virtually anoxic foci Areas resembling infarcts m 
which both the liver cells and the infiltrating leukaemia cells have undergone 
necrosis, are indeed to be seen occasionally m advanced leukaennc livers In 
the case of many solid tumours, which show extensive areas of necrosis m histo- 
logical section, it cannot be doubted that man}' of the malignant cells at the 
boundary of necrotic zones would be under anoxic conditions Since it appears 
probable that the cells of many tumours are heterogeneous m respect of the oxygen 
tension m their environment it is useful to consider the character of theoretical 
log survival curves for cell populations consisting mostly of well-oxygenated cells 
but contammg a known pioportion of anoxic celh, each variety of cell having a 
rudiosensitavity defined by the appropriate D 0 value as determined here for 
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well-oxygenated and anoxic leukaemia cells It is reasonable to assume that the 
respective radiosensitivities would not be influenced by the fact that the cells 
belonged to a mixed population, so that the survival ratio for the total population 
after any dose of radiation can be expressed as follows 

Survivi ng well-oxygenated cells + surviving anoxic cells 
total initial cell population 

With increasing doses of radiation, the viable anoxic cells, being eliminated 
at a slower rate than the well-oxygenated cells, will form a rapidly mcreasing 



Fxo 2 — Theoretical radiation survival curves for leukaemia cell populations 
consisting of mixtures of well oxygenated and anoxic cells 


proportion of the total surviving population of viable cells The log survival cur ve 
for the total population will thus gradually assume the slope for a pure population 
of anoxic cells For example, after exposure to 2500 r of an initial mixed popula- 
tion of 10 6 cells, consisting of 10 per cent anoxic cells and 90 per cent well- 
oxygenated cells, there is less than a 50 per cent chance of one viable well-oxy- 
genated cell surviving, whereas about 250 viable anoxic cells would still remain 
In Fig 2 the original separate linear log survival curves for pure populations of 
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well-oxygenated and anoxic leukaemia cells, respectively, are shown Between 
these, are shown theoretical curves for mixed populations contai nin g various 
stated proportions of the two types of cell It mil be seen that populations 
containing only a small proportion of anoxic cells give a log survival curve slope 
which does not depart signifioantly from that for well-oxygenated cells until 
higher doses of radiation are attained, when the slope changes gradually to that 
for anoxic cells 


DISCUSSION 

A positive correlation between radiosensitivity and environmental oxygen 
tension has been demonstrated for a wide variety of cells, including several 
mammalian tumours (Gray, 1957) , the observed ratio of the radiosensitivities 
of anoxic and moderately well-oxygenated normal tissue cells has been similar 
to that recorded here for leukaemia cells For example, Howard -Flanders and 
Wnght (1957), using a quite different indicator — -the inhibitory effect on bone 
growth in the mouse tail, found relative radiosensitivity values of 1, 1 97 and 2 56 
respectively for the anoxic tail (with occluded blood Supply) and the tail m 
air-breathmg and in oxygen-breathing mice Using visible chromosome damage 
as an index of radiosensitivity for Ehrlich ascites tumour cells irradiated with 
X-rays at 18° C m intro, Deschner and Gray (1959) showed that the relative radio- 
sensitmty of the cells rose rapidly from a minimum value of 1 0 for anoxic cells 
to about 2 3 for cells m fluid equilibrated with oxygen at a pressure of 20 mm Hg 
With oxygen tensions above this level, radiosensitmty increased more gradually, 
a value of 3 0 not being attamed until the oxygen pressure reached about 400 
mm There is no reason to believe that a similar relationship between oxygen 
tension and radiosensitmty does not obtain for mammalian tumour cells irradiated 
m vivo, although the environmental oxygen tension of tumour cells %n vivo would 
not be expected to be uniform and would not be measurable with the precision 
possible with an m vitro system Nevertheless, the results with mouse ascites 
cells (Deschner and Gray, 1959) and other results with bacteria (Alper and 
Howard-Flanders, 1956) make it probable that the range of oxygen tensions over 
which we should expect major alteration of the radiosensitmty of mouse leukaemia 
cells m mvo is from zero to about 20 mm Hg The range with which we are 
concerned thus hes distinctly below the tension (40 mm ) normally found m the 
veins of an air-breathmg mammal 

The local tissue oxygen tension for any small group of tumour cells in vno 
cannot at present be ascertained by direct measurement, although it is possible 
to calculate theoretical values from various assumptions and data Such values 
have been calculated (Tkomlinson and Gray, 1955) for foci withm squamous 
carcinomas of human lung, and have been strikingly correlated with the actual 
spatial relationships of necrotic foci and capillaries as seen in histological sections 
of these tumours The complexity of the factors miluencmg the oxygen tension 
m the vicinity of tumour cells m vivo, and the effects of raising the partial pressure 
of oxygen respired have been discussed m great detail by Churchill-Davidson, 
Sanger and Thomlmson (1957) These considerations cannot, however, provide 
a reliable assessment of the proportion of viable tumour cells which are actualh 
anoxic m man or animals breatlimg oxygen at normal or supranormal pressures 
The theoretical curves shown m Fig 2 suggest that the proportion of mouse 
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leukaemia cells m the livers of leukaemic mice breathing air or oxygen which are 
anoxic, is certainly less than 1 per cent and possibly no greater than 0 1 per cent 
The proportion of anoxic cells m other tumours, those showing more widespread 
vascular disturbance, may very well prove to be greater 

It is clear that the relative radioresistance of anoxic tumour cells is such 
that the presence of these cells m a tumour m vivo would be expected substantially 
to diminish the effectiveness of tumour radiotherapy It is, therefore, important 
to discuss certain theoretical considerations concerning the possible mcidence 
of anoxic tumour cells m vivo It is certain that vascular occlusion frequently 
leads to death of cells, often involving quite large volumes of tumour tissue 
Such large-volume necrosis supposedly results from total deprivation of the 
metabohc requirements of the cells, including glucose, ammo acids, vita min s 
and other growth requirements, as well as oxygen , the accumulation of waste 
products also may contribute to the necrosis The predicament of such grossly 
deprived cells is sooner or later lethal, and their temporary survival m a tumour 
would have no influence on its radiocurabihty The cells whose relative radio- 
resistance would be of importance to radiocurabihty are those which are almost 
or actually anoxic but which nevertheless have their viability preserved over the 
period of tune required for them to reproduce over several generations This 
situation implies a differential interference with cell requirements, such that 
adequate amounts of glucose and other growth factors continue to be supplied, 
while available oxygen falls very severely We do not know whether the tissue 
fluid commonly attains a composition which permits these conditions to prevail, 
and it is clear that more information is required before it can be assumed that 
groups of tumour cells may pass through a fairly prolonged period of severe 
hypoxia in vivo and later assert themselves as the progenitors of a massive tumour 
cell population Our results suggest that such anoxic cells are uncommon, even 
m the heavily infiltrated leukaemic mouse hver, where anoxic conditions might 
be expected 

Although our results suggest that anoxic cells are unlikely to form more than 
a small proportion of the total malignant cell population m an air- or oxygen- 
breathing mouse, it should be appreciated that even a very small proportion of 
such cells could very significantly affect the dose of radiation required to eliminate 
the giowth potential of a large population of tumour cells A tumour 2 cm 
m diameter and consisting half of stroma and half of tumom cells (mean diameter 
12 6 /.i), with only half the tumour cells capable of reproduction, would contain 
about 10 9 reproductively intact malignant cells Now if each of these cells is 
capable of regenerating a fresh tumour, a survival ratio of about 10~ 10 is required 
for a 90 per cent chance of elimniatmg the total malignant cell population In 
Tig 3, the linear survival curves obtamed for leukaemia cells irradiated under 
well-oxygenated and anoxic conditions, respectively, have been extrapolated to 
very low survival rates It will be seen that a survival ratio of 10 10 would be 
expected after exposure of the malignant cell population to a 60 Co gamma 
radiation dose of 4000 r, provided that all the cells were under well-oxygenate 
conditions at the time of irradiation If, kowevei, 10 5 (0 01 per cent) of the ce s 
were under anoxic conditions during exposure, the curve for anoxic cells indicates 
that after exposure to 4000 r there would be about a 90 per cent chance of one or 
more reproductively intact cells surviving the nTadiation 10 5 cells, of the size 
given, occupy a volume of only 0 1c mm This very small volume of anoxic 
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cells, present m a tumoiu of 2 cm diameter, would thus seriously mili tate against 
eradication of the tumour by tins dose of radiation, and be responsible for reduc ing 
an expected 90 per cent erne rate to about 10 per cent If all the tumour cells 
were anoxic during mediation, as would be the case if the vascular supply of the 
tumour were to be totally mterrupted by pressure or torsion, then about 9000 r 
would have to be delivered to the tumour before a useful cure rate could be 
expected 

The D 0 value obtamed by Puck and Marcus (1966) for human HeLa cells 
irradiated m mtio under well-oxygenated conditions with 230 kV X-rays, was 
96 r Puck, Morkovm, Marcus and Cieciura (1957) found a similar value for 



Fig 3 — Extrapolated survival curves for leukaemia cells irradiated under well oxygenated 
conditions (m air-breathing mice), and under anoxic conditions (in dead mice) 


numerous other human epithelial cell types mider similar conditions Recently 
Morkovm, and Feldman (1969) pomted out that an error m the original dosimetry 
requires the value of 96 r to be increased by a factor 1 45 to give an adjusted D 0 
value of 139 rads When further increased by the factor 1 25 to allow for the 
greater R B E of 230 kV X-rays compared with 60 Co gamma rays, the D 0 value 
for h um an epithelial cells irradiated under well-oxygenated conditions becomes 
174 rads of 60 Co gamma radiation, which is not significantly different from the 
JD 0 value (161 rads) obtamed here for muirne leukaemia cells irradiated in ino 
in air-bieatlimg mice This remarkably good correlation between the radio- 
sensitivities of human and mm me cells suggests that parameters obtained from 
radio-biological studies of mouse tumours may be directly applicable within the 
sphere of clinical radiotherapy of tumours It may be added that consideration 
of the implications of such parameters should properly precede the use of sucli 
procedures as the treatment of human leukaemia bj T whole-body radiation 
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SUMMARY 

A transplantation bio-assay method was used to determine survival ratios 
among the leukaemia cells released from the livers of leukaemic mice immediately 
after their exposure to 800, 1400 and 2000 r total-body 00 Co gamma radiation, 
a surviving cell bemg defined as one capable of securing successful transplantation 
of the leukaemia No significant difference was demonstrated between the 
survival ratios obtamed for cells from mice breathing 95 per cent oxygen and 
from mice breathing 95 per cent air durmg irradiation None of the survival 
ratios departed significantly from the linear log survival ratio-radiation dose curve 
obtamed previously for leukaemia cells irradiated m mice breathing air (Hewitt 
and Wilson, 1959) A linear relationship was demonstrated between log survival 
ratio and radiation dose for the leukaemia cells irradiated under anoxic conditions 
(m recently killed mice) Comparison of the log survival curves for cells irradiated 
m mice breathing air or oxygen and for the anoxic cells showed that the latter 
were more radioiesistant by a factor 2 3 The slope of the log survival curve for 
cells irradiated m livmg mice was closely similar to that obtained by Puck and 
Marcus (1956) for human cancer cells (HeLa) irradiated under well-oxygenated 
conditions m vitio 

We are indebted to Miss J Howarth, B Sc (B E C C Research Physicist) 
for carrying out all the irradiations done usmg the “ Theratron ”, and to Mrs 
X) Levy and Miss E Blake for skilled technical assistance with the biological work 
We are grateful to the British Empire Cancer Campaign for a whole-tune grant 
to one of us (H B H ) and for financial support to the laboratory of the other 
(C W W ) 
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The chorioallantoic membrane (CAM) of a developing chick embryo has been 
extensively used for the study of the quantitative aspects of the multiplication 
of Rous Sarcoma virus Rous and Murphy (1912) first demonstrated that when 
the Rous Sarcoma I virus was inoculated into the embryonic membranes of a. 
cluck embryo tumours developed at the site of inoculation Keogh (1938) inocu- 
lated Rous Sarcoma virus extract on the intact ectodermal surface of the CAM 
and produced ectodermal lesions or pocks The quantitative aspects of titratmg- 
Rous Sarcoma virus extracts on CAM has been followed up by Rubm (1955), 
Prince (1958a, b, c) and Vigier (1959) Unlike Keogh, these workers did not 
experience the large range of variation between eggs which had led to the neglect 
of assaying these viruses on CAM 

The present study deals with some aspects of the quantitative titration of 
MH2 reticulo endothelioma virus (Murray and Begg, 1930), especially on the CAM. 


MATERIALS AND METHODS 

Preparation of virus extract 

Crude extracts were prepared by grinding tumours from clucks or infected. 
CAMs m 10 volumes of sterile water m glass homogemsers The cells and debns- 
were removed by centrifuging at 1000 g for 10 minutes 

Purified preparations of virus according to the method of Bather (1953), 
were used in a few of the parallel titrations 

Titration of virus 

Embryos and day old chicks used for titration were obtained from the inbred 
flock of Brown Leghorns selected for susceptibility to Rous sarcoma virus by 
Dr Carr and maintained at the Poultry Research Centre 

The extracts were titrated on the CAM of chick embryos according to the 
method of Keogh (1938) Embryos of various ages (6-12 days old) were used 
A triangular window was drilled very carefully to minimiz e damage to the CAM 
and the CAM was dropped in the usual maimer 0 1 c c of extract was inoculated 
on the dropped CAM and the window was sealed with Scotch tape The embryos 
were then incubated at 38° C for 7 days The eggs were candled daily to detect- 
dead embryos To count the pocks, the CAMs were carefully cut out, rinsed m 
water and spread out on a petri dish which had a grid marked out on its back 
i ne pocks were counted against a dark surface with a tally counter 
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Titrations in day old clucks were done according to the method of Carr and 
Hams (1951) 0 2 c c of ten-fold dilutions were inoculated into the right thigh 
in groups of 3 or 4 day old chicks The virus titre was calculated according to 
the method of Parker and Rivers (1936) 


RESULTS 

Percentage of non reactors 

The percentage of non reactors to Rous Sarcoma virus was used by Prince 
(1958a) to select the most susceptible strain of embryos for the CAM assay tech- 
nique He found that White Leghorns produced the least percentage of non 
reactors, only 10 per cent of embryos failing to produce any pocks even when 
inoculated until very high doses of virus Vigier (1959) also found non reactors 
but their number decreased with increase of virus titre 

Table I gives the percentage of non reactors for the different ages of embryos 
of Brown Leghorns used To make the results comparable with those of Pnnce 
the percentage of non reacting membranes is only calculated from groups of 
embryos having an average of at least 20 pocks so that distributional zeros may 
not be mcluded 


Table I — Relationship Betiveen 

Age of embn os 

Percentage of Non Reactors and the Age of 
Embryos Used 

(dai s of incubation 

Number of 

Percentage of 

' at 38° C ) 

CAMs tested 

non reactors 

G 

44 

11 3 

7 

40 

5 0 

S 

91 

o 5 

9 

G3 

1 G 

10 

195 

0 5 

11 

20 

0 

12 

3S 

0 

- -i .1 


From Table I it is obvious that the percentage of non reactors is reduced 
with increasing age of embryos This would support the hypothesis that non 
reactors are not due to the presence of neutralising antibody in the blood stream 
of the embryos (Pnnce, 19586) It is known that maternal antibody is transmitted 
to the embryo through the ovary via the yolk (Andrewes, 1939) It has been 
shown that antibody present m the yolk is released into the circulation of the 
embryo in greater amounts with increasing age of embryo (Schechtman and 
Knight, 1955) Thus, if neutralising antibody was the cause of non reactors it 
would be expected that the percentage of non reactors would increase with the 
age of embryos 

Effect of age of embryo on pocl count 

To compare the number of pocks produced by embryos of different ages 
standard amounts of the same extract were inoculated into groups of embryos 
of different ages Eight to twelve embryos were usually inoculated for each age 
group Embryos of four different ages, viz 6, 8, 10 and 12 days old were used for 
these experiments 
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Table II — Mean Numbci of Pocks Pioduced on GAMs Aftei Inoculation of 
Same Dose of MIP2 Virus Ext) act on Chick Embiyos of Different Ages 


Age of embryos 



t — 

C dn\ s 

X 


-X 

8 day 8 

X 



f 

Number 


Coeff ' 

r 

Number 


Coeff' 

E\pt 

of 


of 

of 


of 

No 

embr\ os 

Mean ± SE 

var 

embryos 

Mean ± SE 

var 

I 

9 

18 3±0 3 

9G 3 

11 

21 7±7 5 

114 6 

n 

4 

20 3 

— 

4 

28 7 

— 

hi 

6 

5 5±1 2 

43 3 

8 

8 7±4 2 

135 6 

IV 

— 

— 

— 

8 

0 7±1 7 

74 1 

V 

— 

— 

— 

12 

17 7±4 9 

95 9 

VI 

— 

— 

— 

S 

12 4±2 4 

54 6 



10 days 



12 days 




A. 



A 



r 



r 




Number 


Coeff 

Number 


Coeff 

Expt 

of 


of 

of 


of 

No 

embrj os 

Mean ± SE 

var 

embryos 

Mean ^ SE 

var 

I 

12 

43 3±5 2 

41 1 

11 

48 9±7 3 

49 4 

n 

6 

40 5 

— 

8 

68 6 

. 

iii 

8 

63 2± 7 5 

35 3 

8 

68 2±9 7 

40 9 

IV 

8 

32 8 ±4 5 

30 8 

— 

* 

„ 

V 

9 

31 5±6 5 

58 6 

— 





VI 

8 

42 4±7 1 

44 1 

— 

— 

— 


The results of the various age experiments are summarized m Table II Al- 
though there is a slight overall increase m the number of pocks associated with 
an increase in the age of embryos (the only exception bemg Experiment III where 
there is a slight decrease m the number of pocks from 10 day to 12 day embryos) 
the greatest difference is between 8 day and 10 day old embryos There is some 
variation between experiments as to the increase in the number of pocks between 
embryos of these two age groups, but from the means for all the experiments it 
appears that on the average 10 day old embryos produce 2\ times as many pocks 
as 8 day old embryos It was also noted that the pocks m 12 day and 10 day 
old embryos were slightly larger than those m 8 day and 6 day old embryos 

However, there was a large range of variation m the size of pocks within each 
group 


Companson between virus litre values fiom day old chicks and pock counts on CAM 

Parallel titrations in day old chicks and on the CAMs of mostly 10 day old 
embiycs are compared graphically in Fig 1 and summarized in Tables III IV 
rp ,, he Otaris for the various experiments are given below As seen m Fig 1 

hirfj Ir 68 1 IV and the tl ^ ratlon values from day old chicks are much 
goer than the corresponding values from the pock titre on CAM The last 

“Tables III IV and V gives the log difference between thetwo tot, on 

tbn !i a ppears that the CAM assay method is 1 log to 2 log less sensitive 
than the titrations in day old chicks 8 g 688 8ensi tive 

Table in gives the results of three experiments where the + + 

compared without passage on the CAM (St transfer generation! TnVtfS WGre 

passage to see if there was any adaptation In all the Lpenmente there Spears 
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0 12 3 


Log titre CAM 

Fig 1 — Relationship between titres calculated from pocks on CAM 
and the end point technique m day old chicks 

Regression (b) for chick derived virus = 0 45 
Regression (6) for CAM derived virus = 0 72 

(1) Difference between the two regression coefficients is not significant (0 5 > P > 0 1) 

(2) Sample difference in elevation of the two regression lines is highly significant (0 001 > P) 

Mean of each group indicated by + 

• 1st transfer to CAM 
X Further passages on CAM 

O Multiple CAM passages followed by 1 or 2 m chicks 
A 8 day embryos used 


Table III — Relationship Between Titration Values front Pock Counts on CAM 
and Day Old Chicks Without Passage on CAM and After One Passage 


Expt 

Transfer 

generation 

Mean pock 
count CAM 

Mean pock 
count CAM 

Log pock 
titre CAM 

Log \ irus 
titre chicks 

Log 

No 

on CAM 

0 1 c c 

0 2 c c 

0 2 c c 

0 2 c c 

difference 

I 

1 

7 25±0 9 

14 5 

1 16 

2 8 

1 64 


2 

51 12±7 5 

102 24 

2 01 

3 2 

1 19 

II 

1 

2 4 ±0 06 

4 8 

0 61 

3 2 

2 62* 


2 

7 84 ±0 54 

15 68 

1 2 

2 6 

1 3 

in 

1 

15 77 ±1 84 

31 54 

1 5 

3 5 

2 0 


2 

34 71 ±2 39 

69 42 

1 84 

3 2 

1 36 


* Use of 8 day-old embryos 

Note 1st transfer generation on CAM = virus derived from chick tumour without any previous 
passage on CAM 
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Table IV —Relationship Between Tihahon Values from Pock Counts on CAM 
and Day Old Chicks Aft a Passage of Virus on CAM for a numbei of Transfer 
Generations 



Trnnsfoi 

Mean pock 

Mean pock 


Log virus 

Log 

E\pt 

generation 

count CAM 

count CAM 

Log pock 

No 

on CAM 

0 1 c c 

0 2 c c 

titre CAM 

titre chicks 

difference 

I 

1 

9 67±0 97 

19 14 

1 28 

2 8 

1 52 


2 

47 25±4 28 

94 5 

1 98 

3 2 

1 22 


3 

42 0 ±5 09 

84 0 

1 92 

3 0 

1 08 


4 

18 83±2 01 

37 00 

1 57 

2 5 

0 92 


5 

24 25 ±1 92 

48 5 

1 69 

2 8 

1 11 

n 

1 

36 2 ±4 93 

72 4 

1 86 

4 3 

2 44 


4 

40 26±2 09 

81 7 

1 91 

2 8 

0 89 


5 

37 6 

75 0 

1 88 

3 0 

1 12 


6 

0 71 ±1 00 

13 42 

1 28 

2 3 

1 02 


7 

24 5 ±1 75 

49 0 

1 69 

2 8 

1 11 

Note 1st. transfer generation on CAM 
passage on CAM 

== virus derived from chick tumour without any previou 


Table V — Relationship Between Titiation Values from Pock Counts on CAM and 
Day Old Chicks After a Number of Passages on CAM Followed by a Number 
of Passages on Chicks 


Details of 

Mean pock 

Mean pock 


Log virus 

Log 

transfer generation 

count CAM 

count CAM 

Log pock 

fig) 

0 1 c c 

0 2 c c 

titre CAM 

titre chicles 

difference 

5 tg on CAM and 1 tg 
on chicks 

42 4±7 1 

84 8 

1 93 

3 6 

1 57 

7 tg on CAM and 2 tg 
on chicks 

31 3±5 87 

03 t> 

1 80 

3 7 

1 9 

11 tg on CAM and 1 tg 
on clucks 

57 8±5 68 

115 0 

2 06 

4 5 

2 44 

7 tg on CAM and 4 tg 
on chicks 

30 0±4 52 

72 0 

1 86 

4 3 

2 44 

7 tg on CAM and 5 tg 
on chicks 

35 7 ±3 28 

71 4 

1 85 

4 3 

2 45 


to be a shgkt adaptation to the CAM after one passage — the log difference between 
the two titration values being significantly less after one passage on the CAM 
In Experiment II in the 1st generation on CAM there is a greater difference 
between the two values than m the other experiments due to the use of 8 day 
old embryos for titration on CAM 

Table IV gives a comparison between titration values after the virus had been 
propagated for a large number of transfer generations on the CAM to see if any 
further adaptation would take place The first transfer generation on CAM 
indicates that the virus is passed on the CAM for the first time Continual passage 
of virus on the CAM does not make any difference to the extent of adaptation, 
the difference remaining about 1 log 

To see if the adaptation to the CAM is permanent, virus, after a number of 
transfer generations on CAM, was inoculated into chicks and passed for one or 
more transfer generations on chicks Parallel titrations were then earned out 
on CAM and day old chicks The results and details of transfer generations are 
shown in Table V In Table V the log differences in virus titre after even one 
passage on clucks are comparable with the log difference shown in Tables III and 
48 
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XV when the virus had not been passed on the CAM at all The overlapping of 
these points can be seen m Figure 1 From this it appears that the slight adapta- 
tion obtained after one or more passages on CAM is lost as soon as the virus is 
returned to chicks 

The difference m log titre when the virus is titrated on the CAM for the first 
time varies from 1 5 log to as much as 2 5 log m some of the experiments After 
one or more passages on CAM, l e after adaptation, this difference remams 
fairly constant around 1 log 

DISCUSSION 

The titration of MH2 reticuloendothehoma virus on CAM of cluck embryos 
shows a number of interesting results The percentage of non reactors m the 
strain of Brown Leghorns used, after 9 to 12 days of mcubation, is well below that 
obtained by Prince (1958a, b) using 12 day old embryos even with the most 
susceptible strain (White Leghorns) Prmee (195S6) also showed that the difference 
between the highly resistant strain (Fayoumi) and the highly susceptible strain 
(White leghorns) can be explamed on a genetic basis He found that resistance 
was a genetic trait winch was neither sex-linked nor passed by maternal inheritance 
His data agreed with the hypothesis that resistance was controlled by a single 
pair of allelic genes, the allele for sensitivity bemg dommant to that of resistance 

The extremely low percentage of non reactors obtained can be explamed by 
the fact that the embryos used are derived from a line of birds selected for sus- 
ceptibility to Rous sarcoma virus over a number of generations Susceptibility 
to one type of tumour virus may result m susceptibility to other types of tumour 
viruses 

The reason for the large increase m the number of pocks between 8 day and 
10 day old embryos is unknown On about the 9th day of mcubation the haemato- 
poietic tissue in the peripheral blood of embryos reaches stability (Fennell, 1947) 
The mean percentage of primitive erythroblasts decreases while that of definitive 
erythrocytes increases to over 90 per cent from about 10 per cent on the 7th day 
of mcubation Between 9 and 12 days of mcubation Fennell (1947) observed the 
appearance of thrombocytes in the peripheral circulation of cluck embryos The 
most striking change after the 10th day is the extensive vascularisation of the 
CAM From the 10th day the capillaries begin to push outwards towards the shell 
membrane so that by the 15th day the CAM is extensively covered by a fine 
network of capillaries with a few eoto dermal cells reaching the surface through 
the capillary net (Danchakoff, 1917) The increased number of pocks between 
8th and 10th day embryos may be associated with the various haematopoietic 
changes m the peripheral circulation of the embryo It may be due to the extensive 
vascularization of the CAM especially as the MH2 is a reticuloendothehoma virus 
and would tend to infect the walls of blood vessels The increase in pocks may be 
connected with the biochemical requirements of the virus correlated with the 
co min g into function of some essential organ m the chick embryo, e g between 
9 to 12 days the spleen begins to act as a haematopoietic organ (Olson, 1943) 
It is possible that only variants lacking certain biochemical requirements are 
able to grow m younger chick embryos 

The CAM assay method has certain advantages over the other titration tech- 
niques available for avian tumour viruses While all the other titration methods 
are based on end point techniques in fowls and chicks (Claude and Rothen, 1940 , 



STUDIES WITH MH2 VIRUS 


691 


Carr and Hams, 1951 , Bryan, 1955) the GAM titration gives a direct count of 
the number of infective virus particles Moreover, the CAM titration gives results 
m a much shorter period compared with the other techniques 

The difference m the values obtained by titratmg m day old chicks and by 
the pock count technique on CAM is very striking for the MH2 virus Rubin 
(1955) using Rous sarcoma virus compared the titre obtamed by the pock count 
technique on the CAM with those obtamed by the subcutaneous inoculation of 
2 weeks and 8 weeks old chicks He found the CAM technique to be more sensitive 
than the 50 per cent end point technique on buds However, when he compared 
Ins results with those of Bryan (unpublished), who assayed the same stable stock 
of virus, he found that the CAM assay agreed very olosely with the average of the 
TP 50 assays in chickens Prince (1958a) also compared the titres obtamed by 
the CAM technique with those obtamed by the wing web assay technique for 
the same virus He found no difference between the two titration values Vigier 
(1959) also found no difference between pock titre from CAM assay and the end 
pomt titre m 1-2 months old chicks for Rous sarcoma vnus 

The difference m the titration values by the two methods for the MH2 vnus is 
less likely to be due to virus variants Compared with the Rous sarcoma virus, 
a virulent strain, which has been passaged almost contmuously for 50 years, the 
MH2 is of more recent isolation, has been passaged much less (much of its existence 
bemg spent as a freeze-dried conserve) and is very much less vnulent m older 
chicks (Carr, personal commumcation) It is possible that the mcreased suscepti- 
bility of the day old chicks as against the CAM is a continuation of the age effect 
The CAM is a short-hved tissue with a life-span of about 19 days and m 10 day 
old embryos the CAM is already an ageing tissue and hence might be less sensitive 
to the MH2 vnus On the other hand, the embryo itself is more sensitive to 
MH2 virus than the day old chick for intravenous titrations of MH2 virus in 
groups of 14 day old embryos gave an end pomt winch was much higher than that 
obtamed by titrating the same extract m day old ohicks (unpublished data) 

Passage of the virus on the CAM for one generation produces a slight adapta- 
tion to the CAM which is lost as soon as the virus is returned to chicks The fact 
that the difference m log titre is more variable before adaptation and becomes 
more constant after, suggests that the change is due to a selection of a variant 
It may be a variant with increased capacity to infect uninjured cells or the 
adaptation may be due to a selection of an ectodermal specific variant which would 
be lost as soon as the virus is injected into the muscle of the chick 

It is clear that the results obtamed with the Rous sarcoma virus are not 
applicable to other fowl tumour viruses and that the quantitative techniques 
evolved for this virus are, m the absence of any other information, best restricted 
to that virus 


SUMMARY 

When MH2 vnus is assayed on the chorioallantoic membrane the result 
depends very largely on the age of the embryo, the pock count on membranes of 
embryos aged 10 days bemg 2 \ times that on those 8 days old This was always 
much less than that determined m the same strain of day old chicks by the li mi tine: 
dilution method Slight adaptation of the virus to egg passage was found but this 
was lost when the virus was transmitted through chicks Ron reactor eggs were 
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INVESTIGATIONS OF A FACTOR FOUND IN CERTAIN NORMAL 
TISSUES INHIBITING ASCITES TUMOR GROWTH IN THE 
RAT AND MOUSE 

E HARTMANN 

Fi om the Institut de Recheiches sui h Cancel , Gustave Roussy, 

16 bis , Avenue Vaillant-Coutuner, Villejuif (Seme), France 

Received for publication September 3, 1959 


It lias long been known to pathologists that apparently noimal cancer cells 
may circulate m the blood stream of cancer patients and eventually lodge in 
the lungs or other tissues where the great majority are mactivated and do not 
cause metastases This may be merely a question of viability and the stroma- 
mducing ability of the cancer cells, but there is also a possibility that antibodies, 
or some local mtrmsic tissue factor might be responsible The last possibility 
has been under investigation by Druckey et al for several years (Druckrey, 
Schmahl and Rajewsky, 1958 , Stemhoff, Flaschentrager and Bannasch, 1958 , 
Schmahl, Bannasch and Flaschentrager, 1958) Druckrey uses a simplified 
experimental system, consisting simply of incubating Yoshida ascites cells for 
several hours with various normal rat tissue homogenates, and then injecting the 
incubated cells intraperitoneally mto rats of the same strain Druckrey found 
that several tissue homogenates were responsible for a marked inhibition of 
tumor growth on reinjection (Druckrey, Schmahl and Rajewsky, 1958) and for 
microscopic damage to the tumor cells (Stemhoff, Flaschentrager and Bannasch, 
1958) The effect was especially prominent with lung and spleen homogenates 

The experiments to be described were designed to elucidate further the nature 
of this phenomenon and the characteristics of the factor responsible It was 
attempted 

(a) to verify Druckrey’s results on other tumors and species, 

(b) to elimmate by a senes of checks and controls the possibility that the 
effect was due to physical or chemical properties of the tissue homogenates (pH, 
osmolanty, eleotrolyte composition) , 

(c) to see whether a tumor normally metastasizing to the lung would still 
be affected similarly by lung tissue , 

( d ) to see whether tissue homogenates from tumor-bearmg animals act m 
the same way as those from healthy annuals , 

(e) to determine which cell fraction or fractions contain the responsible factor 


MATERIALS AND METHODS 

Species and tumo) s 

(1) The “ G— 6 ” tumor m Wistar WAG pure bred white rats This was 
origmafiy a spontaneous mammary tumor of the rat , m its sohd transplantable 
iorm it metastasizes frequently to the lungs The ascitic form used here had been 
passed m the Wistar rat for 30 generations and had attamed a umform pattern 
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5 x 10 6 cells injected intrapentoneally regularly killing the animal, without 
metastases, m 12 to 16 days 

(2) The Ehrlich ascites tumor, in pure hred white mice of Strain A Intrapen- 
toneal injection of 5 X 10 6 cells caused the animal’s death in about 20 days 

Preparation of turner cells 

Ascites fluid was removed from a tumor-beanng animal, and centnfuged 
slowly (2000 g) for 10 minutes to sediment the cells The cells were then re- 
suspended m their own volume of saline This solution was used for the incu- 
bations, within 30 minutes of withdrawal from the ammal 

Preparation of tissue extracts 

The same procedure was used for rats and mice, the animals providing the 
tissue always being of the same pure strain as those bearing the tumors 

Saline was perfused through the still beatmg heart to rid the animal’s tissues 
of blood m so far as possible The tissues to be used were removed, mixed with 
an equal weight of saline, homogenized for 30 seconds at 0° C in an Ultra- turrax 
homogemzer (20,000 r p m ) and then centrifuged at 2500 g for 15 minutes The 
supernate was used for the incubations 

In one section the lung homogenate was boiled for five minutes before centri- 
fugation, to make the “ protem-free ” lung extract 

In the cell-fraction experiments the tissue was homogenized m a Potter homo- 
geruzer (1000 r p m ) for 5 minutes, instead of the Ultra-turrax to avoid damaging 
nuclei The solution was strained to remove large particles and then centn- 
fugedmthe Sprnco “ 40 rotor ” at 40,000 r p m (150,000 g) for 30 minutes Both 
the supernate and sediment were used m incubations, the sediment, either whole 
or rehomogenized for 30 seconds in the Ultra-turrax, being resuspended in sahne, 

1 c c for 0 2 g tissue 

Incubatwn 

The tissue extracts or controls prepared as described were then incubated with 
the tumor cell solutions for 2 hours at 37° with agitation, in a ratio of 3 volumes 
extract to one volume of ascites cell solution At the end of the incubation the 
mixture was immediately injected intrapentoneally into fresh animals of the 
same stram, generally 5 x 10 6 cells per ammal 

In some cases, after 2, 3, or 4 hours of incubation, smears of each tube were 
made and stained by the May-Gruenwald Giesma technique for microscopic 
examination 

In the in vivo experiments the extract of lung tissue, prepared as above, 
was injected intrapentoneally several days after the tumor cells, without incuba- 
tion 


RESULTS 

pH The pH was between 6 5 and 7 0 in all incubation tubes 
Microscopic appearance 

Ho striking cytolytic effects such as desenbed by Druckrey for the Yoshida 
tumor (Steinhoff, Flaschentrager, and Bannasch, 1958) were noted with either 
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of the tumors used here There was a tendency for the tumor cells incubated with 
lung or spleen extracts to show more nuclear pyknosis, more cell shrinkage and 
more cell membrane rupture than the controls Unfortunately, however, the 
microscopic appearance could not always be used as a reliable guide to the viability 
of the cells on reinjection, m either the G-6 or the Ehrlich ascites tumor 

Results on reinjection — 0 - 6 tumor 

(1) Whole-tissue extracts ( Tables I, II, III) — It was found that the extracts 
prepared from lung or spleen had a definite inhibitive effect on the growth of this 
ascites tumor ( p < 0 01) The extract from liver (Table III) was without effect 
Extract made from the lungs of animals bearing the G-6 tumor was as effective 
as that made from lungs of healthy animals (Table II) The “ protein-free ” 
lung extract had no inhibitive effect (Table II) 


Table I — Development of Ascites m Rats Injected I ntmpenlonealhj 


with G - 6 Ascites Tumour Cells Variously Treated 



f 

1 

Group 

A 

2 

s 

3 

Ascite cells incubated with 


Whole lung 

Whole spleen 


Saline 

extract 

extract 

Rat 1 

385 

0 

0 

2 

528 

0 

0 

3 

300 

0 

0 

4 

396 

2 

0 

5 

432 

300 

0 


The numbers represent the total number of ascites cells (m millions) found m each of the fifteen 
animals, all killed 20 da 3 r s after tumor inoculation 1 e Quantity of ascitic fluid (c c ) times cell 
count (per c c ) times lO'-' 1 


Table II — Development of Ascites m Rats Injected Intrapentoneally 
with G~6 Ascites Tumour Cells Variously Treated 


Group 


Ascites cells incubated with 

r 

1 

Salme 

2 

PFLE 

3 

WLE 

4 

WSE 

5 

WLE T 

Rat 1 

528 

468 

3 

100 

0 

2 

555 

648 

0 

190 

0 

3 

270 

288 

0 

160 

0 

4 

0 

240 

0 

756 

0 


Tlie numbers represent the total number of ascites cells (millions) found ineaeh of the twenty animals, 
all killed 15 days after tumor inoculation PFLE protein free lung extract, 1 e lung extract 
heated to 100° C for file minutes before centrifugation WLE whole lung extract WSE 
■""hole spleen extract WLE T uhole lung extract made from lungs of rats bearing the ascites 
tumor 


(2) In wo injection — Injection of the whole lung extracts into rats 3 and again 
6 days after ascites cell injection resulted m a slight but so far not significant 
inhibition m tumor growth These mtraperitoneal injections were not toxic to 
the animals systemicalty nor was there any evidence of local damage 

(3) Cell fraction studies — Here incubation of G-6 cells was carried out with 
different ultracentrifuge fractions of rat lung tissue The results of one such 
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DISCUSSION 

From these results, as well as Druckrey’s with the Yoslnda tumor, it seems 
reasonable to conclude that there is a factor capable of inhibiting ascites cell 
growth, at least m the lung and spleen of the species studied 

It is to be noted that the rat lung tissue was effective agamst the G-6 tumor, 
although tins tumor m its normal form readily metastasizes to the lung 

Since the protem-ffee lung extracts were always without effect, the inhibiting 
factor should be looked for among the proteins Since the tissue source was always 
the same animal stram as that bearing the tumor, and since a number of specific 
immunological trials for reaction between lung tissue and tumor were always 
negative, we can almost certainly rule out the possibility that the mlnbiting factor 
is an antibody 

The results of the ultracentrifuge experiments make it likely that the factor 
is found m cell nuclei, since the rehomogemzed sediment fraction appeared much 
more active than the whole sediment fraction, from which it differed presumably 
only in having its nuclei broken and nuclear protein released It has not yet 
been possible to do further subfractionation studies due to the amount of tissue 
needed for mhibition , thus a mitochondrial or microsomal location for the 
factor is still possible, but the cytoplasmic protem fraction has been ruled out 
m two experiments 

It is interesting that the factor is present m lung and spleen but apparently 
not at all in liver similarly prepared (Druckrey found several other tissues also 
relatively or absolutely lacking in the factor, and claims that serum not only lacks 
mhibitive power but actually enhances the ascitic growth Landschutz (1956), 
however, claims to have noted distinct inhibition of several ascites tumors by 
human serum From these differences one might be led to suspect some cellular 
enzyme found m the lung and spleen but relatively little m the liver ATPase 
or Hexokmase would fit these conditions m the rat (Spector, 1956) but it would 
be rather surprising to find the effect principally m the nuclear fraction if one 
of these enzymes were responsible 

Further work is needed to isolate the factor and test whether other, non- 
ascitic, tumors could be affected, and whether normal cells are not damaged as 
well It may be possible to answer the latter question to some extent m tissue 
culture So far no damage to the animal, locally or systeruically, has been 
found, at least with the mtrapentoneal injections used 

The rough in vivo experiments, which did show some tumor inhibition even 
with only two tissue injections, timed arbitrarily, may show promise 


SUMMARY AND CONCLUSIONS 

The effect of a normal tissue factor, previous^ found to inhibit the growth of 
Yoslnda ascites cells after m vitro mcubation, has been investigated on several 
ascites tumors of the rat and mouse 

Such a factor v as demonstrated m rat lung and spleen, inhibiting the growth 
of the G-6 ascites tumor, and m mouse lung and spleen, mlnbiting the growth 
of the Ehrlich ascites tumor The factor is not found m liver tissue It is 
found m lung tissue from animals bearing the tumor under investigation as v ell 
as m lung tissue from normal animals The factor is protein in nature, but is 
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absent from the lung cytoplasmic protein , it is present most probably m the 
nuclear fraction The tissue extracts used are not toxic on mtraperitoneal 
injection and have a shght ascites-mlnbitmg effect \n vivo 
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Some authors have shown that a reduced growth rat© occurs m animal 
tumours after smgle or repeated irradiations Russ (1924) observed this m 
post-irradiation tumours to the extent of one-quarter of the control growth 
rates Sugiura (1934) also observed this effect m recurring Sarcoma 180 tumours 
after irradiation with a sub-lethal dose Snellman (1936) reported similar findings 
in the Jensen rat sarcoma subjected to serial irradiations, even after transplantation 
into fresh animals However, Hill, Morton and Witherbee (1919) found no changes 
in tumour establishment time or growth rate after serially irradiating Adeno- 
carcinoma 63 for 14 generations 

The present communication reports the effects of serial irradiations on the 
establishment times and growth rates of Sarcoma 37 and two homologous 
transplantable mouse tumours 

MATERIALS AND METHODS 

Rni strain inbred mice were used throughout this study The transplantable 
tumours, from which the serially irradiated lines were developed, were Sarcoma 
37 and two homologous tumours of the RHI stram — a spmdle -celled sarcoma 
(BPl) and a mammary adenocarcinoma (MV212) The establishment of the 
irradiated lines has been described m a previous communication (Pearson, 1959) 
Three irradiated lrnes were treated with sub-lethal doses (Sarcoma 37 “ B ” lme, 
BPl “I” fine and MV212 “ G ” line) and the fourth treated with half-lethal 
doses at each stage (Sarcoma 37 “ D ” line) 

Recumng post-irradiation tumours or those from untreated sub-line passages 
were used for donor material m the growth rate estimations 1 mm 3 portions 
from the cortex of parent tumours were inoculated subcutaneous^ into the 
right flanks of the experimental animals Tumour area was employed m the 
comparisons and was calculated as the product of the major and minor axes 
measured by calipers 

The growth rates of Sarcoma 37 “ B ” line tumours were measured at the 
12th irradiation stage after 5, 15, and 32 untreated sub-lme passages (B12/5, 
B12/15 and B12/32) and at the 17th stage after 3 sub-lme passages (B17/3)' 
Saicoma 37 “ D ” lme tumours were measured at the 10th irradiation stage 
(dter, 1 and S sub-lme passages (D10/1 and D10/S) The growth rates of the 
“ P ” and “ G ” irradiated Imes of the homologous spindle-celled sarcoma and 
mammary adenocarcinoma, uere made at the 1st sub-lme passage from the 7th 
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and 9th irradiation stages respectively The numbers of mice employed m each 
group are shown m brackets m Fig 1-4 

RESULTS 

The average growth rates of tumour groups from the control and irradiated 
■“ B ” lines of Sarcoma 37 are shown m Fig 1 The marked increase m tumour 
establishment time and reduction m growth rate was of the same order for the 
5th, 15th and 32nd sub-lme passages from the 12th irradiation stage Tumours 
from the 17th irradiation stage exhibited a further increase m the estabhshment 
time Tumours from the 10th irradiation stage of the Sarcoma 37 “ D ” line 



Fig 1 — Growth rates of Sarcoma 37 and its serially irradiated “ B ” line Figures m 
parentheses denote numbers of mice employed m each group 


showed similar but less marked growth changes (Fig 2) and again sub-hne 
passages without further irradiation did not alter tins effect 

The increase in estabhshment time occurred gradually This period (calculated 
from inoculation to the attainment of about 15 mm 2 in area) was 7 days up to 
the 4th irradiation stage m the “ B ” line, 8-13 days from the 5th to 8th stages 
and 11-16 days for the remaining stages “D” line tumours exhibited an estabhsh- 
ment time of 7-8 days up to the 3rd stage and thereafter varied from 11-16 days 
The growth rates of the homologous tumours BP1 and MV212 and their 
respective irradiated lines are shown m Fig 3 and 4 No changes in tumour 
estabhshment times or growth rates were observed 


DISCUSSION 

The growth rate effects of serial irradiations on Sarcoma 37 were found to be 
the result of an intrinsic alteration m cell behaviour, as the observed changes 
were reproduced after sub-hne passages without further irradiations These 
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findings are therefore comparable with those of Snellman (1935) on the Jensen, 
rat sarcoma The increase m estabhshment time and decrease in growth rate 
were observed m both irradiated lines of Sarcoma 37, but no changes of this 
nature were observed m the two irradiated lines of the homologous tumours 
A constant and permanent ohange m growth rate in all the irradiated tumours 
has therefore not been demonstrated in this study , however, it has been shown, 
that a permanent change is possible This fact should therefore be taken into 
accomit where the assessment of radiosensitivity is based on tumour growth 
rate after a single irradiation dose, as employed by Dittrich, Holme and Schubert 
(1956), particularly where non -strain-specific tumours are employed 



Fig 2 — Growth rates of Sarcoma 37 and its serially irradiated “ D ” line Figures m 
parentheses denote numbers of mice emploj ed m each group 


SUMMARY 

1 Growth rate comparisons have been made on tumour transplants from 
untreated and serially irradiated lines of Sarcoma 37 and two homologous mouse 
tumours 

2 Sarcoma 37 serially irradiated with sub-lethal doses showed an mcrease 
m tumour estabhshment time and a decrease m growth rate A similar but less 
marked effect was demonstrated when tins tumour was serially irradiated with 
half-lethal doses at each stage 

3 These growth changes were not altered by sub-line passages without 
further irradiation 

4 Serially irradiated lines of tvto homologous tumours shoved no variations 
m establishment time or growth rate when compared with their respective 
controls 

Mv thanks are due to Mr F W Butcher and Miss G V Adam for assistance 
"dh the animal experiments 
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Days after inoculation 


Fio 3 — Giowth ratos of spmdlo celled sarcoma BP1 and its sormlly irradiated “F” line 
Figures m parentheses denote numbers of mico employed in each group 



Fig 4 — Growth rates of mammary adenocarcinoma MV212 and its serially irradiated G 
line Figures in parentheses denote numbers of mice employed m each group 
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Much work has been published on the effect on liver catalase of tumour growth, 
and of the injection of whole or semi-purified tumour homogenates, but in all 
these studies the sole criterion of activity has been a simple depression m catalase 
level An increasingly laige number of substances apparently unrelated to 
tumour tissue, have been shown to depress liver catalase activity on injection, 
eg methyl Ins (B-chlorethyl) amine, 9 JO-dimethyl-1 2-benzanthracene, butter 
yellow and its 3 'methyl demative, 4 / -ammo-2 3-dimethylaminoazobenzene, B- 
napkthylamme, benzpyrene (Adams and Roe, 1953), homogenised normal spleen 
tissue (Day, Gabnelson and Lipkmd, 1954), ammotnazole (Heim, Appleman and 
Pyrform, 1955) allyl isopropyl acetyl carbamide (Schmidt, Figen and Schwarz, 
1955), cysteine and a number of its derivatives (Hirai andDeutsch, 195S), thiourea 
(Margohask, 1958, personal communication), testosterone and 17-methyl testo- 
sterone (Adams, 1960) 

There is httle direct evidence about the mechanism by which these substances 
depress catalase activity tn vivo Probably none of them directly inhibit the 
enzyme Ammo tnazole acts in vitro by combining with catalase-hydrogen 
peroxide Complex I (Margoliash and Norogrodsky, 1958) However tins substance 
is characterised m vivo by an extremely rapid action — liver catalase activity being 
reduced almost to zero m a few hours It is well known that hydrogen peroxide 
destroys catalase and therefore one possible explanation is that these substances 
affect catalase activity through the production of hydrogen peroxide during their 
metabolism Certainly if every substance which gives rise to H 2 0 2 tn vivo de- 
presses catalase activity, such depressions are completely non-specific Has then 
tumour growth or tumour tissue any specific action on hver catalase ? 

Adams and Burgess (1959a) recently showed that when hver slices were 
incubated in vitio m a phosphate saline medium, catalase migrated from the 
large granules into the extra particulate cytoplasm (EPC) This observation led 
to the suggestion (Adams, 1960) that such catalase migration may occur in vivo 
and that catalase is synthesised only in the large granules On this view the 
EPC level would be maintained by catalase derived from the granules by migration 
through the granule membranes If this is correct, then the permeability of the 
granule membranes will be one of the factors determining the EPC catalase level 
Adams (1960) also suggested that, m the simplest analysis, the granule/EPC 
catalase distribution ratio would provide an approximate index of granule perme- 
ability He showed that after the injection of cysteine, methyl butter yellow, or 
thiourea, depressions in catalase activity were observed m both granule and EPC 
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fractions, but that these changes occurred without alteration in the granule /EPC 
distribution ratio Further evidence in the same paper show ed that androgenic 
hormones altered the granule /EPC distribution ratio m a nay consistent with 
the supposition that they act by increasing the permeability of the large-granule 
membranes to catalase Adams (1951) found that there appeared to be an antag- 
onism between the action of testicular and adrenal hormones, and that of tumour 
homogenate or catalase activity 

The purpose of tins paper is to make a preliminary study of the action of 
tumour growth and tumour homogenate on mtracellular catalase distribution 

MATERIALS AKD METHODS 

Animals — Young adult mice of the 101 and CBA strains and of an albino 
stram derived from AKR w eie used These animals v\ ere all bred 111 this laboratory 
by brother -sister mating, but some AKR-substram mice -were obtained (Inert 
from the Laboratory Animal Bureau 

Preparation of liver fractions and estimation of liver catalase activiti / — Catalase 
estimations were made on whole liver homogenates, and on granule and EPC 
fractions The method of estimation of catalase activity has been fully dcsciibcd 
in previous publications (Adams, 1950, 1952) and the preparation of the homo- 
genates and fractions by Adams and Burgess (1957, 1959a) Ethanol (final con- 
centration 0 01 m ) was added to all catalase containing solutions to pi event loss 
of catalase due to “ Complex II ” formation (Chance, 1950 Adams and Burges- 
19596) 

Tumour — Sarcoma 37 was obtamed originally from the Impel in 1 Caiuei 
Research Fund Laboratories and maintained by sciial passage in tins laboratoiy 

Triton x 100 — Tins non-iomc deteigent (kindly grven to us by Charles Lenmg 
& Co ) was used at a final concentration of 0 25 poi cent y /y to disiupt huge 
granules and hbeiate their catalase activity into solution 

RESULTS 

The injection of normal tissue 

Adams (1950), vvoikmg with homogenates containing pnncipallv EPC fi.u turn 
found that the injection of 50 mg doses of noimal tissue did not depie— i it d ui 
activity significantly In view of the finding by Day dal (1954) that inj<( turns 
of homogenised spleen did depress liver catalase activity the oifet t of I ug< r 
doses of noimal tissue on total granule, and EPC catalase was mv< -tiRdt d 1 lu 
normal tissue used was a mixture of the Iivci spleen and ktdmvs tak<n fumi 
sufficient CBA mice to piovude the total lequued The mixed tiwiis v\< n homo 
gemsed (50 stiokes with a Ten Biocck grinder) and mjetttd -uln ut uu ou-l\ 111 
100 and 200 mg doses into AKR-substmm female mice \s '•lumii in 1 ig 1 tie 
lovvei dose produced only a slight dcpies'-ion 111 catalase activity but tin iu-du 1 
dose resulted m considerable dejiressum 111 eatala-e activity 111 both gi tnub oid 
EPC fiactions However, the granule EPC citala-e distubutum 1 itn» i# m uiu d 
almost unaltered thiough the course of the cxpirumut Pig 1 ,d-o -how- thu 
the effect of a single injection of homogenised rat liver (foil mg ) v\ u -mid r to 
that produced bv the «ame dose of mouse ti-sue Clo-< 1\ smiilu n -ult i< 
dcpiession in catalase activity with little or no alter ltnm 111 tlu di-tributiou 1 <tto 

49 
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were obtained after the injection of cysteine, thiourea, and butter yellow (Adams, 
1960) 

The injection of tumour tissue 

Fig 2 shows the result of the injection of 100 mg and 200 mg of homogenate 
piepared in a similar way from Sarcoma 37 into AKR-sub strain females As with 
normal tissue, depressions in catalase activity were observed, but with the 



Fig 1 — The effect of the injection of homogenised normal tissue on the catalase actn it\ and 
granule/EPC catalase distribution ratio of AKR substrain ? mice (a) and (b) 100 mg 
and 200 mg of mixed liver kidney and spleen from CBA mice (c) 100 mg of similar tissue 
from albino rats Injection at 0 days 

A A Total catalase O O Granule catalase 

• • EPC catalase 

Results are expressed in this and subsequent figures ns arithmetic means ^ Std errors of 
means Twelve control and eight treated animals/group 
Ordinate — Catalase actn lty m arbitrary uruts/mg N 
Abscissae — Time in days 


difference that the granule/EPC catalase distribution latio mci eased considerably 
Fig 3 shows the results of the injection of 100 mg of normal tissue, and 100 mg 
of tumour tissue, mto CBA males The normal tissue icsulted ui depression m 
catalase activity without alteration in the granule/EPC distribution ratio (3 3 in 
normal males) The injection of tumour homogenate resulted m an mcrease m 
the iatio to 4 6 

Turnout gioivth 

The effect of tumour growth on the catalase activity and granule/EPC dis- 
tribution ratio in AKR -substrain female and 101 male and female mice is shown 
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Fig 2 — The effect of the injection of homogenised S3" tissue on the entnln«c acti\it\ mid 
granule /EPC catalase distribution ratio of AIvR substrain. 2 mice (a) 100 ing (b) 200 im, 
injected at 0 da\ s 

Total catalase O O Granule entaln=e 

0 0 EPC catalase 

Ordinate — Catalase acti\ ltj in arbitrar\ units/mg N 
Abscissae — Time m da\ s 



Fir 3 The effect of tlio injec tion of hoinoginiei d ti—m on tie < it tl i in'i n a i . r i 

El’t catnlaec di-tribution ratio of tIU j mu <> 

(a) 100 mg li\orkidno\ 'plon tikin frum \KT mm 
{h) 100 mg MT ti ci aii 

_ Tot il t it il i^ 1 (riii' i r 0 - 

0 0 Fl’t t ju nl i-* 

Onhnit — fatal is^nc i\it\ marlutrin. inn- m_ \ 

Alt i ae — Ti no m due- 
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m Fig 4 Piogressive decreases m catalase activity in both granules and EPC 
were associated with progressive increases m the granule/EPC distribution ratio 
In the AKK-substram mice considerable tumour necrosis was found but little 
or none m the 101 mice 


DISCUSSION 

Surprisingly enough perhaps comparatively little work has been done on 
dnect comparison of the effect of the injection of normal and tumour tissue on 
liver catalase Adams (1950) (measuring principally EPC catalase) found that 



Fig 4 — Effect of S37 tumour growth on catalase activity and granule/EPC catalase distn 
bution ratio of (a) AKR substrain 2 mice (b) 101 ? mice (c) 101 cj mice The tumour 
bearing mice were formed into groups of 0-8 animals bearing tumours of similar size and the 
tumour weights averaged to give the points on the graphs 

A A Total catalase O O Granule catalase 

• • EPC catalase 

Ordinate — Catalase activity m arbitrary units /mg N 
Absoissae — Tumour weight m grams 


the injection of 50 mg dose of normal tissue did not depress mouse Iivei catalase 
significantly, but 50 mg dose of S37 did The present work shows clearly that 
catalase depressions may easily be obtamed after the injection of normal tissue, 
provided that the dose is sufficiently high This depression of catalase activity by 
normal tissue injection confirms the result of Day et al (1954) In fact if only 
total catalase activity is considered normal tissue homogenate may depress catalase 
to the same extent, dose for dose, as tumour homogenate The effect on the 
intracellular (granule/EPC) catalase distribution ratio was however quite 
different Normal tissue homogenate did not alter this ratio in either sex, and 
this resembled thiourea, cysteine and methyl butter yellow in this respect (Adams, 
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1960) On the other hand, tumour homogenate increased the granule /EPO ratio 
considerably m both sexes, and the same phenomenon was seen during tumour 
growth The results suggest that injected tumour tissue has two separate actions 
on catalase Firstly, the total enzyme level is decreased, an effect which also 
o ccms with normal tissue, and secondly, superimposed on this, there is an m crease 
m the granule /EPC distribution ratio This action on the distribution ratio, which 
is apparently specific, shows itself pnncrpally by a decrease m the EPC level 
Thus if a comparison is made of the action of tumour homogenate and normal 
tissue homogenate on the EPC catalase level only, tumour tissue will produce a 
greater depression compared with normal tissue This accounts for the results 
previously reported (Adams, 1950) that 50 mg tumour homogenate significantly 
depressed the (EPC) catalase activity whereas no depression was caused by normal 
tissue homogenate 

The results given here, taken m conjunction with those summarised m the 
introduction, make it clear that a simple catalase depression is not m the least a 
specific action of tumour tissue or of tumour growth 

It seems also quite clear that the fractions derived from tumour tissue by 
various investigators cannot, on the available evidence, be said to contam any 
specific tumour agent These fractions have been tested solely on the basis of 
their ability to depress catalase activity m vivo after injection There are obviously 
many substances which could be present m varying amounts m tumour tissue 
and m normal tissue, which will produce a catalase depression when injected m 
adequate dosage 

Tumour growth resulted m a progressive fall in catalase activity, and a pro- 
gressive increase m granule /EPC distribution ratio However the catalase acti- 
vities m these mice fell to lower levels than those observed after injections of tissue 
homogenates This point will be dealt with in a future pubhcation 

Adams (I960) showed that androgenic hormones injected into female mice 
exerted a specific effect m decreasmg the liver catalase granule /E’PC distribution 
ratio from the normal value of about 5 0, to the normal male value of about 
3—3 Tlus was interpreted as showing that the hormones increase the permeability 
of the granule membranes to catalase On the same view, the increase in distri- 
bution ratio caused by tumour growth and tumour tissue would result from a 
decrease in the peimeabihty of the large-granule membranes to catalase The 
antagonistic action of tumour tissue and hormones reported by Adams (1951) 
appears therefore to result from their opposite effects on granule membrane 
permeability 


SUMMARY 

Depression of liver catalase activity results equally well from injections of 
S37 homogenate oi normal tissue homogenates 

(2) S37 homogenate increases the granule/EPC catalase distribution ratio 

but normal tissue does not ' ’ 

(3) It is concluded that S37 homogenate contains an agent which decreases 
the permeability of the granule membranes to catalase 
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The involvement of sulphydryl groups m the biological activity of carcino- 
genic agents is a subject which has frequently been discussed Unfortunately, 
very few attempts have been made to measure any actual changes m tissue -SH 
levels induced by carcinogens 

Estimations of the glutathione level of mouse skin after treatment with 
various hydrocarbons were made by Crabtree (1946) The non-carcinogens, 
naphthalene, anthracene and phenanthrene caused distinct falls as compared 
with normal levels but dibenzanthracene and 3 4 benzpyrene had no effect 
More recently DiPaolo and Niedbala (1967) could find no changes induced by 
anthracene m the -SH levels of dermis and epidermis of mouse skin On the 
other hand they found 1 2 6 6 dibenzanthracene and 9 10 dimethylbenzan- 
thracene to cause an initial rise, then a sharp fall followed by a further nse in 
level This last rise persisted for as long as five days after treatment with the 
hydrocarbon 

Estimations of water extractable -SH from normal and benzpyrene treated 
rat fivers were made by Rondo m and Boretti (1947) It was concluded that, 
at intervals between 24 hours and 21 days after treatment there was a fall m 
liver -SH m the treated animals Later, however, Rondom (1955) himself 
suggested that as the measured variations were very small the conclusions should 
be treated with reserve 

Based on the argument that serum or plasma -SH levels should be a reflection 
of tissue levels Wood and Kraynak (1953) determined the plasma -SH level of 
dogs at intervals after intravenous injections of anthracene or 3 4 benzpyrene 
and the serum -SH levels of rabbits after similar treatments Between \ hour 
and 6 hours after treatment benzpyrene caused significant falls m -SH content 
but anthracene had no effect on the normal level 

The present work records the results obtamed from measurements of the 
liver -SH levels of mice at relatively short intervals after the intravenous injection 
of polycyclic hydrocarbons Liver was selected for these studies as being an 
organ where hydrocarbons are known to be deposited and metabolised It was 
thought that any variations found might help to throw fight on the problems 
associated with questions of the metabolism of hydrocarbons 




All mice used in these experiments have been taken from a stock of mbred 
Strong A animals maintained in this laboratory Each batch of mice used has 
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comprised animals bom within 1-2 days of one another The actual ages of the 
batches are recorded with the results 

The hydio carbons used were anthracene, pyrene, perylene, 12 5 6 
dibenzanthracene and 3 4 benzpyrene The hydrocarbons were prepared as 
colloids m distilled water Each experimental animal received a single intravenous 
mjection via the tail vein of 0 5 mg of hydioeaibon in 0 5 ml of distilled water 

Liver -SH levels were determined by the method already described by 
Calcutt and Doxey (1959) This involves the immersion of a known weight of 
hver slices (weights of 90-160 mg were used) m a measured volume of a standard 
solution of p-chloromercuribenzoic acid (CMB) and after an appropriate time 
interval foi the reaction to take place the potentiometnc titration of any 
unchanged C M B with a standard solution of cysteine hydrochloride During 
the present work every titration has been run in duphcate, the two runs being 
done at the same time on completely separate sets of instruments With 
certain exceptions during a run with dibenzanthracene (this will be referred to 
later) end pomts on the two sets of equipment were either completely m agree- 
ment or within 0 1 ml of one another For calculation purposes the mean of 
the two results was used 


RESULTS 

The results aie given under the headings of the individual hydrocarbons For 
each batch of mice a mean figure and standard deviation for untreated animals 
has been determined In each case 10 animals have been used for this purpose 
Anthracene — Female mice aged 25 weeks Control value 30 4 Az 2 8 yg of 
-SH per 100 mg wet weight of hver Results are shown m Fig 1 Apart 
from a very sharp rise m -SH level occurring ]— 1 hour after injection of the 
hydrocarbon, levels tend to fall consistently below the control value , this 
still bemg apparent 24 hours after treatment 

Pyrene — Male mice aged 26 weeks Control value 32 9 ± 3 5 fig of -SH per 
100 mg wet weight of hver Results aie shown in Fig 2 After an initial rise 
m level similar to that found with anthracene the level falls below the control 
value for a few hours and then returns to the normal range 

Perylene — Female mice aged 25 weeks Control value 29 7 ± 4 6 yg of -SH 
per 100 mg wet weight of hver Results are shown m Fig 3 Agam there was 
an early rise (1 hour) m -SH level, but this time apparently succeeded by a 
further rise at about 2 hours after treatment This was followed by a return to the 
normal or a possibly slightly 7 " enhanced level At no tune up to 24 hours after 
mjection was there any decline m — SH level below the range of normal values 
3 4 Benzpyrene — Female mice of the same batch as the previous experiment 
The results are shown in Fig 4 As in the earlier experiments there was an 
untial rise m — SH value, but this time occurring at 11—2 hours after treatment 
This was followed by a fall to levels below the normal range and then a return 
to normal after about 12 hours 

1 2 5 6 Dibenzantln acene — Male mice aged 10 weeks Control value 
32 1 Az 3 6 yg of -SH per 100 mg wet weight of hver The results aie shown in 
Fig 5 Initially the picture closely resembled that obtained with perylene , 
there bemg an early rise succeeded by another rise at about 31-4 hours This 
was succeeded by a fall to levels below normal and then a gradual return to a 
normal level by 24 hours At 48, 72 and 96 hours after treatment, however, the 
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I 2 3 4 6 8 10 12 14 16 18 20 22 24 

Hours after iryection 

Fig 1 — Mouse liver -SH levels after treatment with anthracene 


In tins and all successive figures the mean control figure for untreated animals is shown 
by a heavy horizontal line , the standard deviation of the control figure is indicated by 
hatching and experimental points are shown ns circles 



1 2 3 4 5 6 8 10 12 14 16 18 20 22 24 2 3 4 

Hours Days 

Time after injection 


Tig 2 Mouse In er -SH lei els after treatment w itli pvreno 



714 


6 CALCUTT, D DOXEY AND JOAN COATES 


titration curves were unusual m that two sharp falls were recorded instead 
oi the normal one associated with the end point Calculated from the end pomts 
determined from the first falls m the curves enhanced -SH levels were found as 



Hours after injection 

Fig 3 —Mouse liver -SH lo\els after treatment with perylone 



Fio 4 — Mouse liver -SH levels after treatment with 3 4 benzpyrene 


shown in the figure Calculations based upon the second end point, however, 
gave levels which fell strictly wit h in the normal range 

The other finding from this data is the close correspondence between the 
normal control levels in the different batches of mice The male animals show 
a shghtly higher level than the females 



EFFECTS OF POLYCYCLIC HYDROCARBONS ON -SH LEVELS 


715 


DISCUSSION 

Hie hydrocarbons used in the present experiments fall into one or other of 
two groups Anthracene, pyrene and perylene are apparently biologically 
inactive Benzpyrene and dibenzanthracene, apart from bemg potent carcino- 
gens, are also very active photosensitizing agents, effective m eliciting neural 
inductions and capable of causing mitotic abnormalities Apart from Hfeld’s 
(1936) claim to have induced a hepatoma by the insertion of a pellet of dibenzan- 
thracene mto mouse hver there is no evidence suggesting any effect of any of the 
compounds used on hver tissue It is against this background of the known 



1 2 3 4 6 8 10 12 14 16 18 20 22 24 2 3 4 

Hours Days 

Time after injection 

Fio 5 — Mouse liver -SH levels after treatment with 1 2 6 6 dibenzanthracene 


biological activity and the known data m respect of metabohsm that the present 
results must be considered 

The one feature displayed by all the agents tested is the early induction of a 
nse in hver -SH level Tins parallels the finding of DiPaolo and Niedbala (1957) 
that dibenzanthracene and 9 10 dimethylbenzanthracene cause an early nse 
in skin SH levels Since these last authors apphed their hydrocarbon as solutions 
m acetone whilst we have used aqueous colloids this nse would not appear to be 
due to the vehicle of mtroduction but to an effect of the hydrocarbon Further 
the appearance of this nse nothin 15 minutes m the case of dibenzanthracene but 
only after 1-11 hours m the case of benzpyrene is also consistent with this effect 
being due to the hydrocarbon, smce the mtroduction of the agent and handling 
ol the animals has been identical m the two senes & 

After the nutial nse the picture vanes among the different compounds used 
Boll, pyrene and benzpyrene show a fall to levels below the normal range 
Dibenzanthracene shows a fall, then a nse and a further fall Perylene drops to 



716 


G CALCUTT D DOXEY AND JOAN COATES 


a. level which may be slightly above the normal vlnlst anthracene settles to a 
level rather below the normal figure There is, obviously, no relationship between 
these behaviours and the carcmogemc or other biologic activity of the compounds 
concerned 

With regard to metabolism, both pjnene and benzpyrene are known to be 
converted to phenolic derivatives m mouse liver (Harper, 1958a, 195S&) In the 
case of dibenzanthracene Dobnner, Rhoads and La vm (1939) isolated a phenolic 
derivative from mice and this was shown by Cason and Fieser (1940) to be 
4-8' chhydroxydibenzanthracene Breakdown products of this derivative were 
also found by Heidelberger and Wiest (1951) In the case of perylene nothing is 
known with regard to metabolism Anthracene metabolism has been extensivelv 
investigated m rats and rabbits but not in mice However, Calcutt (1959, 
unpublished data) isolated a derivative, apparently identical with the 1 2- 
diliydroxy-1 2-dihydro anthracene formed by rats, from both the unne and 
livers of mice treated with anthracene It is known that anthracene m rats is 
partially excreted as a mercapturate (Boyland and Levi, 1936) If a similar 
mercapturate formation occurs m mice then tins may account for the persistent 
low level obtained for -SH values after treatment with this hjxlroearbon 

At the moment no positive conclusions can be drawn as to any relationship 
between fluctuations m liver -SH levels and metabolism Further data is 
required in regard to the intracellular sites of -SH changes and sites of metabohc 
activity 

The anomalous findings in respect of dibenzanthracene at 4S, 72 and 96 horns 
after treatment are, at the moment, unexplained 

The results obtained in the present series are not strictly comparable with 
previously published work suice different tissues and time intervals have been 
used It may, lion ever, be noted that the picture of an initial nse followed by a 
fall and then a further rise is very similar to that achieved m skin with dibenzan- 
thracene and dnnethylbenzanthracene by DiPaolo and Niedbala (1957) On the 
basis of the presently available evidence there appears to be no correlation between 
carcmogemcity of the applied agent and resulting disturbances of sulphydryl 
level, but there may be an association with metabohc behaviour 

SUMMARY 

The sulphydryl levels m the livers of mice winch had received intravenous 
injections of 0 5 mg of a polycyclic hydrocarbon have been determmed 
Anthracene, pyrene, perylene, 3 4 benzpyrene and 1 2 5 6 dibenzanthracene 
were used 

All five hydrocarbons caused an initial rise ul liver — SH level This occurred 
at various tunes between 15 minutes and 1 1 hours after treatment Subsequent 
to t his rise there were fluctuations in — SH level , these varying with the hydro- 
carbon used 

The results are discussed m relation to the known biologic activities and 
metabohsm of the hydrocarbons 
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Previous studies of the metabolism of pyrene and 3 4-benzpyrene have 
been reported (Harper, 1957a, 1958a, 195S6, 1958c) This work confirmed the 
earlier finding of Weigert and Mottiam (1946) that, following injection of 3 4- 
benzpyrene into mice, two metabolic fractions, designated as Xj and X 2 , are 
excreted m the bile and undergo conversion to phenolic derivatives dunng passage 
through the intestine These two fractions were identified respectively as 
sulphuric acid (X x ) and glucuronic acid (X 2 ) esters of fully aromatic benzpyrenols 
(Harper, 195S6, 1958c) and a similar sequence of conjugation and hydrolysis was 
established for the 3-pyrenol metabolite of pyrene (Harper, 1958a, 1958c) Also 
associated with the glucuronide fractions yielded by both pyrene and 3 4- 
benzpyrene was an acid-decomposable precursor of the parent hydrocarbon 

This work has now been extended to a range of hydrocarbons, namely 1 2- 
benzanthracene, chrysene, 20-methylcholanthrene, 1 2 5 6-dibenzanthracene 
and anthracene, utilising the same extraction and analytical procedures Pull 
details of these are to be found in the above publications 

MATERIALS AND METHODS 

20-Methylcholanthrene (Hoffmann-La-Roche and Co Ltd ) and anthracene 
(B D H Ltd ) were used as purchased , the other hydrocarbons were purified 
by chromatography on alumina ft om benzene and cyclohexane followed by 
fractional crystallisation from ethanol, aq ethanol or benzene Colloidal 
solutions of the hydrocarbons were prepared by the method of Boyland (1932) 
In the case of 1 2 5 6-dibenzanthracene and chrysene however it was found 
necessary to heat both acetone solution and watei to 50° C prior to mixing 
Strong A mice, m batches of about twenty, weie injected mtravenously with 
0 5 mg of colloidal hydrocarbon and the distribution of metabolites within the 
internal organs of the body was then investigated usmg the same general methods 
of extraction and chromatograpluc separation previously reported for pyrene 
and 3 4 benzpyrene A modification adopted in the case of faecal metabolites 
however was as follows 

The freshly voided faeces were extracted into xylene via acetone (Harper, 
1957a) and the xylene passed through a column of sihca gel (100/200 mesh) for the 
removal of acidic metabolites and much of the colouring matter The filtrate 
from the col umn was evaporated under reduced pressure, the residue extracted 
repeatedly with boiling cyclohexane and the cyclohexane chromatographed on 
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silica gel Any phenolic metabolite of the hydrocarbon was then retained as a 
blue fluorescent zone on the column from which it was readily eluted either with 
ethanol or with cyclohexane/benzene mixtures This procedure was preferred to 
chromatography on alumina as used m previous studies owing to the difficulty 
experienced m removing small amounts of phenolic derivatives from this 
adsorbent 

4' -Hydroxy- 1 2-benzanthracene (4'-benzanthrol) was synthesised by the 
method of Sempronj (1939) 4'-Methoxy-l 2-benzanthracene was prepared 
from tins by methylation using dimethyl sulphate and excess sodium hydroxide, 
the reaction bemg continued until the bright golden yellow fluorescence of the 
solution had disappeared 

1-Anthrol was prepared by reduction of 9 10-anthraqumone-l-sulphonic acid 
followed by alkali fusion 

The reference conjugates, 4'-benzanthryl glucuromde and sulphate and 
1-anthryl glucuromde and sulphate, were isolated from the bile and small 
intestines of mice injected with the parent phenols (cf Harper, 1958c) 

RESULTS 

Three hydrocarbons, 1 2-benzanthracene, chrysene and 20-methylcholan- 
threne, yielded well defined blue fluorescent X x and X 2 type metabolites Excre- 
tion was mainly via the bile and hydrolysis to phenolic derivatives and, m the 
case of 20-methylcholanthrene, also to an acidic derivative, occurred m the 
caecum and large intestine Blue fluorescent X x and X 2 type metabolites were 
also isolated from the bile and small intestine after injection with dibenzanthracene 
but the yields of these were greatly reduced by comparison with the other 
hydrocarbons In marked contrast to this behaviour, however, was the failure 
of anthracene to yield any material that was recognisable as a metabolite under 
the same conditions of extraction and analysis 

The X x type metabolites were readily hydrolysed by cold dilute mineral acid 
and by takadiastase /^-Glucuronidase was without effect The X 2 type meta- 
bolites on the other hand, were unaffected by treatment noth mineral acid m the 
cold but hydrolysis occurred on prolonged heating under nitrogen with strong 
acid (6 k HC1) Rapid hydrolysis also occurred on incubation with /^glucuronidase 
but tins effect was nullified in the presence of 10~ 2 m boiled saccharate solution 
In view of these properties, and by analogy with the behaviour of the 
conjugates of 3-pyrenol and benzpyrenols (Harper, 1958c), the two metabolic 
fractions u ere concluded to be sulphuric and glucuronic acid esters respectively 
The essential problem therefore was the identification of the hydrocarbon moieties 
of the conjugates 


(A) 1 2-Benzantluacene 

The identification of the phenolic derivative of 1 2-benzanthracene excreted 
m the faeces of rats and mice was achieved by methylation and spectroscopic 
comparison wth knovn methoxy-benzanthracenes (Berenblum and Schoental 
lf U3) On this basis the 4 -niethoxy derivative was selected as being identical 
vith the metln lated metabolite although the presence of absorbing impurity 
limited comparison to the long vave systems (above 300 m/0 of the absolution 
spectra A characteristic feature of the spectrum vas a band at 391 5 m/i in 
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hexane but, perhaps surpusingly, the graphical data reported for the methylated 
metabolite does not include the sharp prominent maximum at 311 5 m/t (Pig 2) 
In the present work attempts have been made to confirm this identification 
by comparison of the conjugated and free phenolic metabohte with the synthetic 
analogues derived from 4'-benzanthrol 

(a) The conjugated metabolites 

The physical and chemical properties of the X 1 and X 2 type metabolites were 
respectively identical with those of 4 , -benzantliryl sulphate and glucuromde 



Fig 1 — Absorption spectra m ethanol 

1 X x typo metabolite of benzanthracene (6 ordinates) 

2 4' benzanthryl sulphate (a ordinates) 

3 4' benzanthryl glucuromde (c ordinates) 

4 X £ type metabohte of benzanthracene (c ordinates) 

The one exception was observed with the X 2 type metabolite for, on acid 
hydrolysis, a small amount of free 1 2-benzanthracene was liberated m addition 
to a phenohc derivative The presence of an acid-decomposable precursor of the 
hydrocarbon was therefore indicated 

The absorption spectra of the two sets of conjugates are recorded in Pig 1 
The resemblance between the two types of spectra is at once apparent and 
provides confirmatory evidence of the conjugated nature of the hydrocarbon 
metabolites In Table I however are recorded the detailed positions of the 
absorption bands and reference to this data reveals that slight differences exist 
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m the location of certain bands (Failure to record a band at or near 30S m/i in 
the spectrum of the X 2 type metabolite is possibly due to the presence of absorbing 
impurity This was m fact present m one sample of the metabolite isolated from 
stored bile ) 

A possible explanation of these differences is that the hydrocarbon metabolites 
consist predominantly of the conjugates of ^-benzanthrol but that smaller amounts 
of other conjugated derivatives are also present In the case of the glucuromde 
fraction this could be the hydrocarbon precursor but, as the sulphate yields only 
a phenolic fraction on hydrolysis, the presence of an additional benzanthrol is 
indicated 

(b) The ‘phenolic metabolite 

The phenohc derivative of 1 2-benzanthracene isolated from the faeces 
could not be obtamed free from absorbmg impurity and this prevented complete 
characterisation by absorption spectroscopy In the long wave region above 
320 my however, bands characteristic of 4'-benzanthrol were present and con- 
sistent with this behaviour was the bright golden yellow fluorescence exhibited 
by the metabolite m sodium hydroxide In view of the possibility of an additional 
benzanthrol bemg present the metabolite was subjected to methyl ation and 
chromatographic fractionation m the manner described for methoxybenzpyrenes 
(Harper, 19586) No marked differences were observed m the spectra of the 
fractions thus obtained and, on pooling and concentrating m vacuo, the absorp- 
tion spectrum shown m Fig 2 was recorded Also shown m Fig 2 is the spectrum 
of the phenolic derivative liberated from the sulphate conjugate by mild acid 
hydrolysis and the two are compared respectively \nth those of 4'methoxy- and 
4'-hydroxy-l 2-benzanthracene The detailed positions of the absorption 
bands are given in Table I 


Table I 


Absorption bands in ethanol (m /i) 


Absorption bands in hexane (m /<) 


BAX! 4'-BA-S BAX. 4 / -BA-G 

[246-248] [244-248] — 


262 

270 

280 

290-291 


324 

342 

368 

388 


264 

272 

282 

292 


326 

342 

359 

300-308 

389 


28S 


244-246 

264 


[284-286] 

288 


308 

328 


[338-342] 342 

— 354-35G 

[358-302] 358-360 

— 370 


392 


391-392 


BA-OH 

4'-OH 

BA-OMe 

I'-OMe 

226 

230 

228 

231 

— 

246 

246 

245-246 

263 

263 6 

250-254 

253 5 

[262] 

— 





[270-272] 

— 

— 



[278-280] 

277 

[280-282] 

277 

286 

286 

287-288 

287 5 

297 

297 

— 

299 

— 

309 5 

— 

311 5 

[320-324] 

320-327 

[326-328] 

327 

337 

— 





[340-341] 

342 

342 

342 5 

354-356 

353 

354 

352-353 

— 

359 

[358-360] 

370-372 

359-360 

372 

371-372 

371 

394 

382 

392 

392 

381 
391 5 


BAX. _ Xj and X. metabolites of 1 2-benzanthracene 

ni V 4 = S1,lphuric (?) and glucuronic (G) esters of 4" -benzanthrol 

= frw phenolic component of the sulphate coniueate (B4X 1 
B Y-OMc = mctlnlated faecal metabolite ' 1 

4'-OH and 4'-OMe = free (- OH) and modulated (-OMe) 4 -benzantlirol 

50 
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Reference tn +, 

4'S above 320 

- SHgjS^ri 

a b __ 7 2 '^en zan y lracen ^at marked differences 

r 1 , 287 “/< la present 



Wavelength 

1 p. Pig 2 au en 6 th mm A — -w 4 

2 MethyIa C t e C df lp0nent o f theX * S ° rptlori spectra m h 

ne (c ordinates) 


>>and, e oth“r t ?h„ 0 ' 1C ” ^‘run, but a 

feature of the 4'- sub^* lnflectj on at^ u C ? 0US featur e is the abs 
studies with tho substituted derive 6 311 6 ^ The iff* abse uce of any 

«■* band 7s d^V° mpo ®ds T , d a ? d “ re W detects “ 1 P r <»®ent 
PossibJe ezpW ° tbe Presence of ° ubtfuI therefor e thjfe^ aU me ‘abohc 
^antbrSSt^.^ ^1“^? W? of »•«* 


C'anteSe a mt n rf“ 1 * ba ‘ r S n pres 0 enc“ 0aa F”« *2“ of naf^f ^ teeot 

-=« =»“i£Sa;^“£? 

5 Z86 > 297, 320-324:, 
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337, 354—355, 372, and 394 nyi would indeed appear to represent the major 
component of the mixture 

In conclusion, therefore, it can he said that the evidence obtained m this 
work is consistent with the view that a mixture of phenolic derivatives is formed 
as a result of the biological hydroxylation of 1 2-benzanthracene m the mouse 
One of them is 4'-benzanthrol, the* other is neither 3-benzanthrol (Jones, 1945) 
nor 9 10-dihydroxy-l 2 -benzanthracene (Berenblum and Sehoental, 1943) 
and is as yet unidentified By analogy with other hydrocarbons however it may 
logically be expected to be the 2'-hydioxy derivative 

a b 



Fig 3 — Absorption spectra in ethanol 

1 Phenolic metabolite of chrysene (6 ordinates) 

2 Xj type metabolite of chrysene (o ordinates) 

3 X 3 type metabolite of chrysene (a ordinates) 


( B ) Chrysene 

The phenolic derivative excreted in the faeces after intraperitoneal injection 
of chrysene in the rat was identified by Berenblum and Sehoental (1949) as 
3-chrysenol Attempts to confirm this m the present work with mice have been 
only partially successful owing to the low yield obtained and difficulty experienced 
in purification The experiments have shown however that the two conjugated 
fractions yield what appears to be the same chrysenol on hydrolysis with 
takadiastase and /^-glucuronidase respectively and that a small amount of free 
chrysene is also hberated from the glucuromde fraction on hot acid hydrolysis 
The absorption spectra of the metabohtes (Fig 3), although ill-defined are 
consistent with a fully aromatic chrysenoid configuration The conjugated 

respectivefr^ concluded to be (S)-chrysenyl sulphate and glucuromde 
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(C) 20 -Methylcholanthrene 

This hydrocarbon (I) was of particular interest in its divergence from the fully 
aromatic configurations so far studied Although existing evidence on the 


2 



I 

metabolism of this compound suggested that hydroxylation occurs on the 
aromatic benzanthracene nucleus (Cason and Eieser, 1940 , Dobrmer, Rhoads 
and Lavm, 1942), general metabolic considerations were m favour of both phenol 



Fig 4 — Absorption, spectra m ethanol 

1 Carboxylic acid metabolite of 20 methylcbolanthrene ( a ordinates) 

2 Phenolic metabolite of 20 methylcholanthrene (a ordinates) 

3 X x type metabolite of 20 methylcholanthrene (6 ordinates) 

4 Xj type metabolite of 20 methylcholanthrene (c ordinates) 

and carboxylic acid formation The latter may be expected to arise from the 
oxidation of the attached methyl group — cf the metabolism of 2-methylnaph- 
thalene (Grimes and Young, 1956) — or from fission of the 15-16 bond — cf the 
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metabolism of acenaplithene (Chang and Young, 1943) Tins theoretical 
prediction has been borne out experimentally for two methylcholantlirene 
derivatives, one phenolic and the other acidic, have been isolated m tins work 
These were absent from the bile and small intestine but were present in the 
caecum, large intestine and faeces 

The phenolic derivative possessed normal cliromatograplnc behaviour and 
the tjrpical fluorescence colour change from blue to yellow occurred on the 
addition of sodium hydroxide to its ethanohc solution The absorption spectrum 
shown in Tig 4 possessed bands at 284, 294, 304—305, 344-346, [352], 363 [378-380] 
and 39S m/t It has not been possible to identify it but, by analogy with other 
hydrocarbons, it may logically be expected to be either the 2- or 4-hydroxy 
derivative 

The acidic derivative was not adsorbed on sihca gel from xylene or benzene 
but was tightly held as a narrow blue fluorescent zone at the surface of an alumina 
column Elution was achieved with ethanol contaming I per cent hydrochloric 
acid, ethanol by itself being ineffective A solution of the metabolite m this 
mixture possessed a yellow fluorescence winch changed to bright blue on making 
alkaline noth sodium hydroxide Its acidic nature was further emphasised by 
its solubility m dilute sodium bicarbonate In view of these properties the 
metabohte was concluded to be a carboxylic acid derivative As the absorption 
spectrum shown m Fig 4, with bands at 2S4, 295, 302, 312, 334, 348-350, 364r-366, 
378-380 and 402 m fi, establishes the integrity of the aromatic benzanthracene 
nucleus, three possible structures for the metabohte are 

(а) Cholanthrene-20-carboxyhc acid (II), arising from oxidation of 
the methyl group 

(б) 6-Methyl- 1 2-benzanthracene-5 10-dicarboxylic acid (III), ansmg 
from fission at the 15-16 bond 

or 

(c) 1 2-Benzanthracene-5 6 10-tncarboxybc acid (IV), ansmg from 
a combination of these 


HOOC 



' , ‘ he , meta holite is either the di-(IH) or tn-(IV) carboxylic acid, then 
anhydride formation is theoretically possible This was tested by heating the 
compound at 200“ C for ten minutes After cooling and dissolvmg m ethanol 
no difference m its chromatographic behaviour and absorption spectrum ™ 

20-carboxyhc “ “ 6 " “** **“ ““ ” oWthr^ 

The absence of the free phenol and carboxylic acid from the gall bladder and 
small intestine indicated then formation from the conjugated mefaboMes present 
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m these oigans This was confirmed on enzymatic hydrolysis of the conjugates 
when the sulphate fraction yielded free phenol alone whilst the glucuromde 
fraction yielded a mixture of phenol and carboxylic acid In the latter case 
advantage was taken of the differential solubilities of the derivatives m sodium 
bicarbonate to effect a ready separation of the two components from solution 
m ether The same behaviour was observed on acid hydrolysis under nitrogen 
but a further phenomenon recorded m this instance was the liberation of a trace 
amount of 20-methylcholanthrene from the glucuromde fraction 

The absorption spectra of the conjugated fractions, shown in Fig 4, 
establish that the aromatic benzanthracene nucleus is intact It is concluded 
from tins work therefore that the X x type metabolite is a sulphuric acid ester of a 
phenolic derivative of 20-methylcholanthrene whilst the X 2 type contains a 
nnxture of glucuronic acid esters of the same phenol and cholanthrene-(20)- 
carboxyhc acid together with an acid-decomposable precursor of the hydro- 
carbon Indications of the presence of other water soluble metabolites have also 
been obtained but these have not been pursued further 

(D) 12 5 6-Dibenzanthracene 

A phenolic derivative, 4' S'-dihydroxy-l 2 5 6-dibenzanthracene, was the 
first metabolite of 1 2 5 6-dibenzanthracene to be identified (Cason and 
Fieser, 1940 , Dobnner, Rhoads and Lavin, 1942) Subsequent investigation by 
Heidelberger and Ins collaborators in the United States established that the 
metabolism of this hydrocarbon is accompanied by extensive degradation of the 
aromatic nucleus (Heidelberger and Jones, 1948 , Heidelberger, Kirk and 
Perkins, 1948) and consistent with this finding is the low yield of fluorescent 
material which has been isolated m the present work Owing to the small 
amounts of metabolites obtained it has not been possible to characterise the 
compounds individually by absorption spectroscopy although a mixture of the 
conjugated derivatives extracted from bile possessed absorption indicative of an 
mtact dibenzanthracene nucleus 

Enzymatic hydrolysis of the two conjugated fractions as described resulted 
m the liberation of a phenolic derivative as adjudged by the fluorescence colour 
change from blue to yellow occurring on the addition of sodium hydroxide It 
was concluded from this behaviour therefore that a phenohc derivative, 
presumably 4' 8 ' - d lhy dro xy- dib enz anthra c ene , is excreted via the bile m 
conjugation with sulphuric and glucuronic acids The conjugates could not be 
detected withm the liver or kidney and were absent from the caecum and large 
intestine Free phenol was present m the latter organs, however, suggesting that 
hydrolysis of the conjugates occurs at this site 

These findings are supported by the data reported by Heidelberger, Kirk and 
Perkins (1948) on the excretion of 14 C-Iabelled dibenzanthracene following 
intravenous injection in the mouse The extraction procedure adopted by these 
workers enabled the radioactivity of the material under investigation to be spht 
into four fractions which they considered to contain respectively 

(1) Unchanged hydrocarbon 

(2) Unconjugated material 

(3) Extremely water soluble organic substances together with some 
less soluble material which was conjugated with water solubilising groups 

(4) A sohd residue which was partly soluble m water 
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Analysis of the data obtained respectively from bile and faeces shows that, 
during passage through the intestine, there is a transfer of radioactivity from 
fraction 3, the major component of the biliary activity, to fractions 2 and 4 
The increase in fraction 2 is most pronounced, from 0 7 per cent in the bile to 
14 per cent in the faeces, suggesting that unconjugated derivatives m the faeces 
are derived from conjugated compounds excreted m the bile 

It was further shown by these u orkers that fraction 2 of the faeces contains 
a mixture of phenolic, acidic and neutral components so that the same sequence 
of conjugation and hydrolysis presumably occurs with the dicarboxyhc acid 
degradation products as has been established for cholantlirene-(20)-carboxylic 
acid m the present work 


( E ) Anthracene 

The metabolism of anthracene was studied by Boyland and Levi (1935, 1936a, 
19366) who reported the excretion m the urine of a perhydroxylated derivative, 
1 2-dihydroxy-l 2-dihydro-anthracene, both free and conjugated with glu- 
curonic acid, an unidentified acid-decomposable precursor of the hydrocarbon 
and 1-anthrylmercaptunc acid The latter has since been shown by Knight and 
Young (1958) to arise dunng extraction from the action of mineral acid upon a 
precursor designated by the general term “ premercaptunc acid ” 

The excretion of metabolites m the bile has also been reported (Chalmers and 
Peacock, 1941 , Chalmers, 1957) but these have not been identified 

The present experiments with anthracene have shown that X x and X 2 type 
derivatives, analogous to those yielded by the other hydrocarbons studied m 
this series, are not formed during the metabolism of this compound The 
isolation of such compounds, i e 1 -anthryl sulphuric and glucuronic acids, from 
the bile following injection of 1-anthrol, under the same conditions of extraction, 
established that failure to detect these derivatives during metabolism of the 
parent hydrocarbon was not due to defects of the extraction process 

The situation was found to be quite different however when the bile and 
aqueous extracts of the duodenum and small intestine were first subjected to 
mild acid hydrolysis Under these conditions an X 2 type derivative, identical 
with 1-anthrylgIucuromc acid, and free anthracene were readily extractable 
from the acid solutions A blue fluorescent chloroform soluble fraction was also 
present but this was not investigated further 

As the 2-hydroxy- 1 2-dihydro- 1 -anthrylglucuromc acid excreted m the 
urine was found by Boyland and Levi (1936a) to break down readily under the 
influence of acid to yield 1 -anthrylglucuromc acid, it was concluded from the 
above behaviour that this perhydroxylated conjugate is also excreted in the bile 
together noth an acid-decomposable precursor of anthracene and possibly a 
“ premercaptunc acid ” 


DISCUSSION 


The investigations reported m this and previous publications were part of a 
programme designed to determine the role, if any, played by the metabolism of 
polycyclic hydrocarbons m mduced carcinogenesis Should the formation of 
the metabolites be implicated in the carcinogenic mechanism or themselves be 
the initiators of it— of the mode of action of 2-naphthylamme (Bonser, Clayson 
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Jull and Pyrah, 1952) — it was considered necessary that the following reamre- 
ments be fulfilled 

(а) They should be present within the tissues of the body where the 
carcmogemc effect is applied 

(б) The same type of metabolites should be formed from all carcino- 
genic but not non-carcinogemc hydrocarbons (quantitative factors are 
ruled out by the fact that the carcinogenic members exert their effect 
when present in only trace amounts) 

(c) If themselves the proximate carcinogenic agents then this activity 
should be detectable by normal laboratory methods of testing 

Bequnement (a) was met by the intermediate X 2 and X 2 metabolites of 
3 4-benzpyrene previously isolated by Weigert and Mottrara (1943) Extension 
of this work to a range of hydrocarbons has now shown that similar intermediates 
are formed from the non-carcmogemc pyrene, the weakly carcmogemc chrysene 
and 1 2-benzanthracene and the strongly carcinogenic 1 2 5 6-dibenzan- 
thracene and 20-methylcholanthrene These intermediates have been found to 
possess a common structure, i e phenolic derivatives conjugated with sulphuric 
acid (X x ) and glucuronic acid (X 2 ), and the association of acid-decomposable 
precursors of the hydrocarbons with the X 2 fractions suggests that these too may 
contain a glucurorude conjugated hydroxyl group Indeed, the experiments 
with pyrene (Harper, 1957a, 1968a) suggest that, m like manner to the phenolic 
conjugates, the glucuronide moiety of the precursors is split off during excretion 
for the pyrene precursor m the faeces was then found in association with the 
neutral quinone fraction on the chromatogram Consistent with this behaviour 
would be the presence of an a y9-diliydro-a-liydroxy configuration similar to 
that established for the precursor of naphthalene (Boyland and Solomon, 1955) 

The metabolisms of 1 2 5 6-dibenzanthracene and 20-methylcholanthrene 
are further complicated by the formation of carboxylic acid derivatives but 
this does not appear to be a general feature of the carcmogemc series 

The anomalous behaviour of anthracene must be attributed to the exclusive 
process of perhydroxylation, as opposed to that of hydroxylation, operating on 
this hydrocarbon As dihydrodiols appear to undergo conjugation exclusively 
with glucuronic acid the failure of anthracene to bring about any significant 
increase in the level of ethereal sulphate excretion m the urine (Elson, Goulden 
and Warren, 1945) is consistent with the finding that phenol formation does not 
occur 

Only m the case of 3 4-benzpyrene has it been possible to isolate sufficient 
of the intermediate metabolites for carcinogenicity testing These have been 
tested singly, in combination with each other and m combination with a co- 
carcmogen, croton oil, but m no case has malignant tumour formation been 
observed (Harper, 19576, 1958d) Other hydrocarbon derivatives tested for 
activity include the hypothetical metabolites of anthracene, 1- and 2-anthrol 
These were found to be inactive suggesting that the non-carcmogemc nature of 
this hydrocarbon is not due to the protective influence of dihydrodiol formation 
(unpublished data) 

The overall conclusion from this work therefore is that there appears to he no 
specific difference in the chemical nature of the metabolites derived respectively 
from carcmogemc and non-carcmogemc hydrocarbons It is unlikely then that 
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the known metabolites represent the proximate carcinogenic agents and tins is 
supported experimentally both by the negative findings of carcinogenic activity 
referred to above and by the negative findmgs reported for phenolic and acidic 
metabolites by other workers (e g Hartwell, 1951 , Heidelberger and Wiest, 
1951 , Allen, Boyland and Watson, 1956) 

Conversely, the formation of similar metabolites from both carcinogenic and 
non-carcmogenic liydrocaibons would appear to provide no indication of an 
association of metabolism with carcinogenesis However, one important difference 
not yet referred to lies in the position of the hydrocarbon molecule at which 
biochemical hydroxylation takes place Tins is exemplified by reference to 
Table H m which existing data on the chemical reactivities and metabolic hydro- 


Table II 





Metabolic 

Metabolio 



Reactive 

Reactive 

positions 

bonds 

Carcmoger 

Ha drocarbon 

positions 

bonds 

(phenols) 

(dihydrodiols) 

activity 

Naphthalene 

1(2} 

1-2 

f 1-2 1 

13-4/ 

1 (2) 

1-2 

— 

Anthracene 

9, 10 

- (9, 10) 

1-2 

— 

Phenantlirene 

9, 10 

V. J 

9-10 


9-10 (1-2) 

— 

Pyrene 

3 

1-2 

3 


— 

Chrysene 

2 

1-2 

3 


+ 

1 2-Benzanthracene 

9, 10 

3-4 

4' 


4- 

9 10-Dimethyl-l 2 benzan- 

9, 10 

3-4 

4' 


4 * 

thracene 






1 2 5 6 -Dibenzanthracene 

9, 10 

f 3-4 
\ 7-8 

4', 8' \ 
2', 6' / 


+ 

3 4-Benzpyrene 

5(10) 

6-7 

8, 10, 


+ 



(5,5 8,5 10) 


+ 

20 Methylcholanthrene 

15 (11, 14) 

6-7 

2 or 4? 
(not 16) 


+ 


Numbers m brackets refer to positions of secondary activity 


xylation of a range of hydrocarbons is summarised The non-carcinogeme 
members, it will be seen, are characterised by a tendency to undergo either 
phenol or dihydrodiol formation, the former occurring at the reactive positions 
of the molecule and the latter at the reactive bonds The carcinogenic members 
on the other hand are typified by a tendency to undergo phenol formation only 
and this occurs, in general, at positions of the molecule which are mert towards 
chemical attack In order to account for this fact that carcinogenic hydro- 
carbons are subjected to hydroxylation in these normally mert positions it has 
been suggested (Dickens and Weil-Malherbe, 1946 , Boyland, 1948, 1950, 
Berenbhun and Schoental, 1949) that the reactive centres of the carcinogen are 
initially blocked by cellular constituents and that, m this bound state, the 
metabolic positions become activated An alternative possibility, however 
is that different hydroxylatmg mechanisms are operative m the metabolism of 
carcinogenic and non-carcmogenic hydrocarbons It is hoped to discuss both 
these possibilities in greater detail m a succeeding paper At present it is 
sufficient to say that any association of a known metabolic process with carcino- 

Pr ° bably hes mthin or before the pnmary stage of aromatic 
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SUMMARY 

1 Previous studies of the intermediary metabolism of pyrene and 3 4- 
benzpyrene have been extended to a range of hydrocarbons, namely 1 2- 
benzanthracene, chrysene, 20-meth}dcholanthrene, 1 2 5 6-dibenzanthraeene 
and anthracene All of these, with the exception of anthracene, have been 
found to undergo hydroxylation to phenolic derivatives These are excreted 
mainly via the bile in conjugation with sulphuric and glucuronic acids and 
hydrolysis then occurs during passage through the caecum and large intestine 
Consequently it is the free phenols that are detected when investigations are 
confined to the faeces alone 

2 Acid-decomposable precursors of the hydrocarbons have been detected m 
association with the glucuronide fraction on the chromatogram The presence 
of a glucuronide moiety in the precursors is therefore indicated and experiments 
with pyrene suggest that, m like manner to phenolic conjugates, this is split off 
during excretion 

3 Evidence has been obtained that 1 2-benzanthracene is subjected to 
hydroxylation m two positions of the molecule, the 4'- and possibfy, b} ? analogy 
with other hydrocarbons, the 2'- 

4 20-Methylcholanthrene has also been found to yield a carboxylic acid 
derivative, provisionally identified as cholanthrene-20-carboxyhc acid, and 
this undergoes the same sequence of glucuronide conjugation and hydrolysis 
during excretion as has been established for the phenolic metabolite The 
data reported on the metabolism of 1 2 5 6-dibenzanthracene-9 10- 14 C by 
Heidelberger, Kirk and Perkins (1948) is considered to be consistent with a 
similar behaviour for the dicarboxyhc acid derivatives yielded by this hydrocarbon 

5 It is suggested that the anomalous behaviour of anthracene is due to the 
exclusive process of perhydroxylation operating on this hydrocarbon The 
metabolites excreted m the bile have not been isolated but their behaviour 
towards mild acid hydrolysis identifies them as 2-hydroxy-l 2-dihydro-l- 
anthryl glucuronic acid and an acid decomposable precursor of the hydrocarbon 

6 It is concluded from these studies that the only important difference 
between the known metabolisms of carcinogenic and non-carcmogemc hydro- 
carbons lies in the positions of the molecule at which hydroxylation initially 
occurs Consequently any association of metabolism with carcinogenesis most 
probably lies either within or before tins stage 

The expenses of this work were defrayed from a block grant by the British 
Empire Cancer Campaign 
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The data reported m the preceding communication (Harper, 1959) have led to 
the conclusion that the only important difference between the metabolisms of 
carcinogenic and non-carcinogenic hydrocarbons lies m the positions of the 
molecule at which hydroxylation initially occurs Two possible explanations 
of this difference were considered to be 

(a) That the reactive centres of carcinogenic hydrocarbons are initially 
blocked by cellular material , 

or 

(b) that different mechanisms of hydroxylation are operative during 
the metabolism of carcinogenic and non-carcmogemc hydrocarbons 
respectively 

The mechanism of aromatic hydroxylation is a subject winch has received 
much attention in recent years but so far the investigations have been confined 
to only two members of the polycyclic hydrocarbon series, namely, naphthalene 
and 3 4-benzpyrene Fortunately for the purpose of tins discussion, however, 
these may be regarded as typical members of the non-carcmogemc and carcino- 
genic hydrocarbons respectively 

It was first shown by Mitoma, Posner, Reitz and Udenfriend (1956) that 
an enzyme system capable of hydroxylating a variety of organic compounds 
was able to effect the in vitro conversion of naphthalene into 1-naphthol (but not 
2-naphthol) and a dihydrodiol-kke compound which yielded 1-naphthol on acid 
hydrolysis The system was located m the microsomal fraction of liver homo- 
genate (but not of bram, kidney, lung and muscle) and required reduced tn- 
phosphopyndme nucleotide and oxygen for activity 

A similar enzyme system was found by Conny, Miller and Miller (1957) to 
effect the hydroxylation of 3 4-benzpyrene and the products thus obtained were 
identical to those yielded during in vivo metabolism of the hydrocarbon The 
cc hydroxylase ” was similarly located in the liver microsomes and, although both 
reduced tn- and diphosphopyridme nucleotides (TPNH and DPNH) and oxygen 
were required for maximal activity, high activity was supported by TPNH and 
oxygen alone The system differed from that of Mitoma et al (1956) however 
m not being inhibited by the metal binding compounds a, a'-dipyridyl and 
o-phenanthrohne 

Further investigation of the naphthalene hydroxylating system by Booth 
and Boyland (1957, 1958) confirmed the findings of Mitoma et al with respect 
to the cellular distribution and requirements of the system but it was found 
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that neither a, a'-dipyndyl nor o-plienanthroline inhibited activity to any 
great extent Also, m like manner to the benzpyrene hydroxylating system, 
inhibition was not observed with either cyanide or cysteme but strong inhibition 
occurred in the presence of ^-chloromercuribenzoate suggesting the involvement 
of sulphydryl groups 

On this evidence therefore it appears probable that the same enzyme, or 
closely related enzymes with the same co-enzyme requirements, are responsible 
for the hydroxylation of naphthalene, a non-carcmogen, and 3 4-benzpyrene, a 
potent carcinogen If such is the case it is unlikely that such closely related 
systems operate by different mechanisms 

This brings us back to the alternative possibility therefore, of an mitiaL 
blocking of the reactive centres of the carcinogen by cellular material The 
problem m tins case is to determine at what region of the molecule such binding 
is likely to occur, for reference to Table II of the preceding communication 
(Harper, 1959) reveals the presence of both reactive carbon atoms and reactive 
bonds although these coincide m certain cases 

The possibility of binding across reactive non-ad] acent carbon atoms was- 
considered by Dickens and Weil-Malherbe (1946) who compared metabolic 
hydroxylation with the chemical method used most successfully m the synthesis 
of certain metabolic phenols, l e sulphonation of the meso-quinone followed by 
reduction and alkali fusion An attempted synthesis of 8-benzpyrenol starting 
with the 5 10-quinone ivas unsuccessful owing to failure at the reduction stage 
but none the less Dickens and Weil-Malherbe considered that this chemical 


evidence tallies well with the conception that the most reactive centres of the 
hydrocarbon molecule are blocked with a cellular constituent and that oxidation 
then occurs at the most reactive centres remaining 

The other possibility of binding at the reactive bond of the hydrocarbon was 
proposed by Boyland (1948, 1950a) and a similar conclusion concerning the 
formation of 3-chrysenol from chrysene was arrived at by Berenblum and 
Schoental (1949) The reactive bond corresponds, m most cases, to the so-called 
K-region of the molecule and great significance is attached to this proposal when 
considered m relation to the evidence obtained by the Heidelberger school on 
the binding of hydrocarbons to protein within the skin In the case of one- 


hydrocarbon, 1 2 5 6-dibenzanthracene, it has actually been established that- 
about 25 per cent of the bound total is attached through both mono- and di-amido 
linkages m one K-region (Bhargava and Heidelberger, 1956) so that here is 
experimental evidence m support of the Boyland hypothesis 

A theoretical treatment of this problem by P ullm an and Pullman (1955), 
was based upon the somewhat arbitrary assumption that the hydrocarbon, 
bound through its K-region, then exists m an ortho-qumonoidal configuration' 
In the example selected, 1 2-benzanthracene, it was calculated that the reactive 
centre of the hydrocarbon bound m this way then resides on the 3' carbon atom 
and not the metabolic 4' position This difficulty was overcome by postulating 
the formation of an epoxide across the 3'-4' bond which then undergoes hydro- 
lysis under enzymatic control to yield the 3'~4' dihydrodiol Finally the 
elements of water are spht off leaving the hydroxyl group in the 4' position 

Despite the obvious limitations of such a hypothetical treatment it will be 

Inrrri ^ theSe P r °P osals > one mvolvmg a para and the other an ortho 
form of binding, are unable m themselves to account for the formation of more- 
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than one phenol from the same hydrocarbon Indeed, the mechanism proposed 
by Pullman and Pullman (1955) leads to the formation of the same phenol as 
that obtained from the para-qumone by the described chemical synthesis 
Examples of phenohc metabolites are shown m Pig 1 and it wall be seen that 
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these can be classified on the basis of the structural relationship they bear to one 
another into tvo distinct groups designated as A and B m the diagram What 
is proposed by the author therefore is that the hydrocarbon may undergo both 
ortho and para forms of binding during hydroxylation and that in these two 
states different secondary positions of the molecule become activated Such a 
proposal is not entirely speculative for only 25 per cent of the total bound 
1 2 5 6-dibenzanthracene could be accounted for by binding in the K-region 
(Bharagava and Heidelberger, 1956) The remaining 75 per cent is presumably 
bound at some other region of the molecule Also 1 2 3 4-dibenzanthracene 
does not possess an active K-region and yet is bound to an even greater extent 
than the 1 2 5 6-isomer (Heidelberger and Moldenhauer, 1956) In this case 
evidence of binding m the reactive meso -positions has m fact been obtained 
(Oliveno and Heidelberger, 1958) 

The essential problem then is to determine which form of bmdmg is responsible 
for the formation of Group A phenols and which form for Group B For this 
purpose the effect of both forms of binding will be considered m relation to the 
products yielded by individual hydrocarbons As the exact mode of bmdmg 
is as yet unknown the hydrocarbon will be assumed to form an addition type of 
complex as proposed by Boyland (1950a) In such compounds the nuclear 
bond system is that of the ortho- or para-quinone although there is little contribu- 
tion of the bond linkages to the resonance energy of the system Should the 
bmdmg prove to be of a different nature however, it is anticipated that similar 
considerations will apply 


12 5 %-Dibenzanihracetie 

Three phenolic metabolites of this hydrocarbon have now been identified, 
the 4' 8'-dihydroxy derivative from the rat and mouse (Cason and Fieser, 
1940) and the 2'-hydroxy and 2' 6'-dihydroxy derivatives from the rabbit 
(Labudde and Heidelberger, 1958) In this instance where the molecule is 
symmetrical about a central axis, it is to be anticipated that bmdmg across 
this central axis (I) will assure equal activation m the two halves of the molecule 


i' 





III 
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(cf the sulphonation of 1 2 5 6-dibenz-9 10-anthraqumone) Monohydroxy- 
lation would not therefore be expected If on the other hand, binding were to 
occur at one of the two K-regions (EE) then in tins instance, where the activating 
group is asymmetrically situated, it is unlikely that two positions of the molecule 
would become activated to the same extent Consequently the formation of a 
monohydroxylated derivative only would be favoured In the event of binding 
at both K-regions, however, the activation m both halves of the molecule would 
then be equal and dihydroxylation would most probably take place 

It will be seen therefore that the formation of both mono- and di-hydroxylated 
products m the rabbit is best explained on the basis of an ortho form of binding 
at one and both K-regions respectively Conversely the formation of a di- 
hydroxylated — but not a monohydroxylated — derivative m the rat and mouse 
is consistent with a para form of binding across the reactive meso-positions The 
mference is therefore that species differences in metabolism are due to differences 
m the region of the molecule at which linkage to cellular material occurs during 
hydroxylation in these species If this reasoning is correct an ortho form of 
binding would appear to be favoured m the rabbit and a para form m the rat and 
mouse The question immediately arises, however, as to why the mouse does 
not yield a mixture of phenolic metabolites for K-region binding m this species 
is now an experimentally established fact One obvious answer is that the 
2'- and 2' 6 ' -hydroxy] ated compounds are formed but in amounts so small 
that they have so far escaped detection Tins behaviour would then fall mto 
lme with that of 3 4-benzpyiene for which only a quantitative difference in 
metabohsm has been reported (see latei) A possible explanation of this is 
that the bound complex II behaves as a 2 3-disubstituted phenantkrene 
derivative and as such is particularly susceptible to oxidation at the reactive 
9-10 bond, corresponding to the 7-8 bond of dibenzanthracene Consistent with 
this hypothesis is the formation withm the tissues of the 3 4-quinone 
(Heidelberger, Hadler and Wolf, 1963) and 2-phenylphenanthrene-3 2'- 
dicarboxylic acid (Bhargava, Hadler and Heidelberger, 1956) 


1 2 -Benzanthi acene 


2 ' 




Application of this reaso nin g to 1 2-benzanthracene leads to the conclusion 
that, by analogy, the 4'-hydroxy metabohte, a Group A phenol, is formed as a 
result of binding across the reactive meso-positions (IV) The formation of 
2'-hydroxy-l 2 -benzanthracene is therefore to be anticipated as a consequence 
of binding m the K -region (V) and it is significant that the evidence reported m 
the preceding publication is consistent with the formation of an additional 
phenohc metabohte It would obviously be of great interest to determine the 
major site of metabohsm m the rabbit where, according to theory, a K-region 
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bmcbng of hydroxylation is favoured Investigations are already m hand to 
test this proposal 


3 4 -Benzpyrene 

The formation of six different phenolic metabolites from 3 4-benzpyrene 
has now been reported, 5-benzpyrenol (Pillar and Spaleney, 1956), 8-benzpyrenol 
(Berenblum, Crowfoot, Holiday and Schoental, 1943), 10-benzpyrenoI (Berenblum 
and Schoental, 1946), 5 8- and 5 10-dihydroxy-benzpyrenes (Conney ei al 
1957) and an unidentified phenol designated as the F x metabolite (Weigert and 
Mottram, 1946 , Harper, 1958) 




VIII 


The ease with which 3 4-benzpyrene undergoes oxidation to a mixture of 
5 8-, 5 10-, and possibly 6 7-qumones (Cook and Schoental, 1950) suggests 
that the molecule readily assumes the nuclear bond structures VI-VIII It 
is possible then that binding may occur across the 5 8-, 5 10-, and 6 7- (K- 
region) positions of the molecule, each of which leads to the formation of a 
different phenol By analogy with 1 2 5 6-dibenzanthracene an ortho form 
of binding m the K-region (VI) may be expected to activate the 10-position and 
it is significant that 10-benzpyrenol, a Group B phenol, is formed to a greater 
extent m the rabbit than in the rat and mouse (Berenblum and Schoental, 1946) 
As the para configuration of structure VII is analogous to that of a true 
meso-qumone it is then possible that bmdmg across the 5,10 positions would 
result m activation of the 8-position (Group A) By elimination, formation of 
the F t metabolite may then be attributed to bmdmg in the 5,8 positions 

An alternative treatment, however, is to regard the K-region bound structure 
VI as a 6 7-disubstituted chrysene On this interpretation position 2 of the 
chrysene molecule, corresponding to the 1 -position of benzpyrene, would be 
expected to be most active and indeed may be expected to represent a major 
site of hydroxylation It is possible therefore that the F x derivative is 1- 
benzpyrenol and consistent with this hypothesis is the fact that is undoubtedly 
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the majoi product of hydroxylation during the first few hours following injection 
of 3 4-benzpyrene (Weigert and Mottiam, 1046 , Harper, 1958) 

If structure VI does m fact exhibit tlie normal chemical reactivity of chrysene 
a fuither stage of binding may occur at the reactive 1-2 bond (IX) and, by 
analog}'- with chrysene (see later), lead to the formation of 10-benzpyrenol 



The other phenolic metabolites of benzpyrene, 5-benzpyrenol and the 5 8- 
and 5 10-dihydroxy denvatives, differ from the others so far considered m that 
hydroxyl groups have entered the molecule m the chemically reactive positions 
A possible explanation of this is that hydroxylation may occur to a certain extent 
when the hydrocarbon is in an unbound state Perhaps significantly the latter 
compounds have only been detected in in vitro studies with the isolated micro- 
somal system in winch the normal in vivo pattern of cellular binding may not 
prevail to the same extent 

Clu y sene 

The hydroxylation of chrysene is more difficult to interpret for the 3-chrysenol 
rat metabolite (Berenblum and Schoental, 1949) may be regarded as either a 
Group A or Group B phenol By analog} 7 with other hydrocarbons an ortho 
form of binding in the K-region (X) must be favoured m this instance A para 
form of binding across the reactive 2,8 positions (XI) on the other hand may be 
expected to give rise to a symmetrical dihydroxylated derivative 



XII 


XIII 
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The two possible modes of binding for 20-methylcholanthrene are shown m 
XII and XIII By analogy with other hydrocarbons these may be expected 
to activate the 2 and 4 positions respectively The ortho bound structure, 
XII, however, may be regauled as a disubstituted acenaphthene derivative and 
as such would be more prone to oxidation at the 15—16 bond of the pentacyclic 
ring (cf the metabolism of acenaphthene, Chang and Young, 1943) The 
evidence lepoited m the preceding paper suggests that this does not occur to 
any appreciable extent and a para form of binding (XHI) across the 11, 14 
positions is therefore favoured A possible structure for the phenolic metabolite 
isolated m that work is therefore 4-hydroxy-20-methylcholanthrene 

So far these theoretical considerations have been confined to the carcinogenic 
members of the polycyclic hydrocarbons As was pointed out m the preceding 
publication (Harper, 1959) the products obtained from non-carcinogemc hydro- 
carbons are consistent with the view that hydroxylation occurs at the most 
reactive positions of the molecule and perhydroxylation at the most reactive 
bonds although the perhydroxylation of phenanthrene at the 1-2 bond m the 
rabbit is an obvious exception to this generalisation This behaviour may be 
interpreted as indicating that the non-carcmogenic members are metabolised 
primarily when m an unbound state and would be m accordance with the conclu- 
sion of Heidelberger and Moldenhauer (1956) that non-careinogenic hydrocarbons 
do not undergo binding to protein to any appreciable extent The evidence of 
Hadler, Darchun and Lee (1957), however, would suggest that the non-carcinogens 
may go through a transient protem-bound phase of at least the same order of 
magnitude as that observed vnth the carcinogens The findings of Calcutt (1958) 
are not only consistent with this view but also show that binding may occur m 
other tissues apart from the skin It is of interest therefore to speculate upon 
the effects of ortho and para forms of binding on the reactivities of tins class of 
compounds 


Naphthalene 




XV 


A variety of hydroxylated products, 1- and 2-naphthol (Bourne and Young 
1934 , Comer and Young, 1954, 1955), 1 2-dihydroxy-naphthalene (Comer and 
Young, 1954, 1955), 1 2-dihydroxy-l 2-dihydro -naphthalene (Young 1947) 
and 1 -hydroxy- 1 2-dihydro -naphthalene (Boyland and Solomon, 1955) are 
formed during the metabohsm of this hydrocarbon In a 11 cases, however 

attack is at the 1-2 bond and any form of binding must therefore activate this 
legion of the molecule 


Th ® tw0 possible modes of binding for naphthalene are shown m XIV and 
XI It is highly improbable that either of these lead to activation in the 
unsatmated benzene ring and the only possible means of activation of the 
BoyIa,Kl°(S) 13 therefore ™ tl>e ortho-bound structure XIV, as proposed by 
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Anthracene 



XVI XVII 

Unlike naphthalene the reactive carbon atoms of anthracene do not coincide 
with the reactive bond If, as concluded earlier, hydroxylation of the un- 
bound hydrocarbon occurs at the reactive positions of the molecule then the 
derivative 9 10-dihydroxyanthracene (or 9 10-anthraqumone) is to be anti- 
cipated as a result of this process There is m fact evidence that the 9 10- 
qumone is excreted as a metabolite of antliracene m the urine (Boyland and 
Levi, 1936) although the possibility of this being present as an impunty m the 
administered hydrocarbon was not discounted in that work Smce then however 
it has been reported that administered 9 10-anthraqumone is itself subjected 
to hydroxylation (Sato, Fukuyama, Yamada and Suzuki, 1966) so that the 
qumone isolated by Boyland and Levi was probably a true product of hydroxyla- 
tion and not due to impurity The major point of attack, however, is at the 
1-2 bond resulting in the formation of 1 2-dihydroxy-l 2-dihydro -antliracene 
(Boyland and Levi, 1935) What must be decided, therefore, is whether the 
ortho or para bound structures (XVI and XVII) above are characterised by any 
marked reactivity at the 1-2 bond 

Unfortunately little is known of the reactivity of the 1,2 addition compounds 
although the fact that the perhydroxylation of anthracene with Cnegie’s reagent 
(Cook and Schoental, 1948) leads to the formation of the 1 2 3 4-tetraliydroxy- 
1 2 3 4-tetrahydro derivative (XVIII) and not the 1 2-dihydrodiol (XIX) 
suggests that marked activation of the 3-4 bond may occur, assuming the course 
of the reaction to be as shown 





The process of para-blockmg m the 9,10 position, however, as with hydrogena- 
tion and qumone formation, leads to the formation of particularly stable 
compounds m which the reactivity of the molecule as a whole is greatly reduced 
by comparison with that of anthracene Addition at these points therefore is 
to be regarded as a deactivating rather than activating mechanism 

An ortho form of binding (XVI), as proposed by Boyland and Wolf (1960), 
is therefore favoured m this instance although the alternative para form is not 
entirely discounted 
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Phenantfo ene 

Phenanthrene is the sole non-carcinogenic hydrocarbon for which a species 
difference in the site of hydroxylation has been reported, the 9 10-dihydrodiol 
being formed in the rat and mouse and a mixture of the 9 10- and 1 2- 
dihydrodiols m the rabbit (Boyland and Wolf, 1948, 1950) The fact that the 
carbon atoms comprising the highly reactive 9-10 bond are themselves the 
reactive positions makes it unlikely that perhydroxylation at this bond is due 
to binding at some other region of the molecule 



The additional formation of the 1 2-dihydrodiol m the rabbit, however, 
may be attributed to binding across the reactive 9—10 bond (XX), as proposed 
by Boyland and Wolf (1950), and provides further support for the suggestion 
that an ortho form of binding is favoured m the rabbit The fact that 9 10- 
diliydrophenanthrene undergoes Fnedel and Crafts’ acylation exclusively m the 
2-position is evidence that such addition may have a directive influence 

To summarise these proposals, therefore, it can be said that the metabolism 
of non-carcinogenic hydrocarbons is best explained on the assumption that 
hydroxylation occurs when they are either in a free state or bound to cellular 
material through their most reactive bond The metabolism of carcinogenic 
members on the other hand would suggest that hydroxylation occurs principally 
after binding and the formation of different phenols from the same hydrocarbon 
is then explainable if it is postulated that binding may occur either at the 
reactive bond or reactive positions of the molecule On such reasoning it is 
tentatively concluded that species differences in the site of hydroxylation are 
due to differences in the relative contributions of these distinct forms of binding 
to the total amount bound m any one species An ortho form of binding at the 
reactive bond would appear to be favoured m the rabbit and a para form across 
the reactive positions in the rat and mouse 

A critical test of these proposals is the verification that the reactive centres 
of the ortho and para addition products, or perhaps those of the derived ortho- 
and para-qumonoidal configurations, do in fact correspond to those attacked 
during metabolism Furthermore, as the binding data referred to m this discus- 
sion has been obtamed from skin, not only must it be established that the same 
system of microsomal hydroxylation is operative within this tissue but also that 
the hydrocarbon is actually subjected to binding during hydroxylation m the 
system There is evidence m fact that the latter condition is attained, for it 
was found by Conney el ol (1957) that mild alkaline hydrolysis (methanohc 
potassium hydroxide at 3° C for 24 to 48 hours) was necessary for the quantita- 
tive liberation of 3 4-benzpyrene after addition to the in vitro hydroxylatma 
system Further investigation is obviously required to establish this point and 
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other limitations will doubtless be exposed when metabolic studies are extended 
to other hydiocarbons and other species The proposals are not put forward m 
any dogmatic sense, therefore, but as a possible explanation of certain known 
facts concerning the biochemical hydroxylation of polycyclic hydrocarbons, an 
explanation winch may be checked by direct experimentation 

The final question to be considered is whether these theoretical proposals 
provide any indication that the process of hydioxylation is associated with the 
carcmogemc response elicited by certain hydrocarbons If the non-carcmogemc 
members of this series do in fact undergo hydroxjdation when m an unbound 
state then an obvious conclusion is that it is the binding, either ortho or para, 
of the carcmogens winch is a contributing factor m carcinogenesis If, however, 
the non-carcmogens are first subjected to binding prioi to hydroxylation then, 
as theoretical considerations suggest that this occurs at the reactive bond rather 
than across the reactive positions, this would appeal to exclude the ortho form 
of bmdmg from the carcinogenic mechanism Furthermore, the proposal that 
species differences in metabolism between the rabbit and rat and mouse 
respectively may be attributed to the greater contribution of ortho binding m 
the former species is inversely paralleled by the susceptibility of these species 
towards the induction of carcinogenesis by the hydrocarbons 1 2 5 6- 
Dibenzanthracene, for example, is a potent carcinogen for the rat and mouse but 
is without activity m the rabbit If the theory is correct, therefore, there would 
appear to be no association between the ortho or K-region binding of hydroxyla- 
tion and carcinogenesis It is tempting to speculate then that the para form of 
bmdmg may be an important factor governing the carcinogenic response and 
certain evidence may be cited m support of this view Thus the blocking of 
the para-positions m compounds such as cis-9 10-dimethyl-9 10-cbhydro- 
1 2 5 6-dibenzanthracene and 9 10-dimethyl-l 2 -b enzanthracene - a , /?-endo- 
succme acid is accompanied by a marked reduction m the carcmogemc potencies 
of the parent hydrocarbons from which these are derived Such behaviour may 
be interpreted as an indication that substitution m the meso -positions of these 
hydrocarbons prevents the process of para-bmdmg during hydroxylation Also, 

9 10-dimethyl-l 2-benzanthiacene is considerably more carcmogemc than is 
the parent 1 2-benzanthracene and this behaviour is reflected m the reactivities 
of these compounds towards the para-addition of maleic anhydride, this occurring 
more readily with the dimethyl derivative (Bachmami and Cliemerda, 193S , 
Newman and Otsuka, 1959) In other words the effect of methyl substitution 
m the 9 10-positions of 1 2-benzanthracene, and indeed in those of anthracene, 
is to facilitate the process of para-addition at these points In this case, however, 
we are dealmg with a specific type of cychc dienophde addition and it is not 
surprising therefore that the analogy breaks down when applied to the whole 
range of polycychc hydrocarbons What is envisaged biologically rather is an 
addition type of complex arising from combmation of the carcmogen either with 
two molecules or with distal groups of the same molecule so that it constitutes 
m effect a cross linkage between the two As was stated earlier the exact mode 
of linkage is as yet unknown Boyland (1950a) has suggested a simple covalent 
type of addition whilst Pullman and Pullman (1955) prefer the qumonoidal type 
of linkage A third type of addition not yet considered, however, is that of 
co -ordination The latter phenomenon was investigated by Kofahl and Lucas 
(1954) who reported a fair degree of correlation between the carcmogemc 
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potencies of aromatic hydrocarbons and their co-ordination activity towards 
silver ion m the aigentation reaction Complex formation with iodine ions has 
also been observed (Benesi and Hildebrand, 1948) and the solubilising effect of 
purine derivatives upon the polycyclic hydrocarbons (Weil-Malherbe, 1946) is 
now well known Is it not possible therefore that similar co-ordination complexes 
may be formed between the hydrocaibon and say the lomsed groups of an 
enzyme within the microsomes? The process of hydroxylation may then be 
legarded as a neutiahsation of the electronic charge resident on the hydrocarbon 
portion of the complex resulting in the formation of a phenol and consequent 
liberation of the enzyme 

If, as the evidence suggests, the mechanism of hydroxylation is associated 
with the carcinogenic mechanism, then the origin of tins cellular malformation 
must reside within the microsomes Furthermore, as the hydroxylatmg 
activity of the microsomes was found by Conney et al (1957) to remain unchanged 
aftei premcubation with nbonuclease, the field of action may be narrowed down 
still further to the non-nbonucleic acid fraction of these organelles It is 
significant therefore that Fiala and Fiala (1959) have concluded on entirely 
different grounds that the non-nbonucleoprotem fraction of the ergastoplasm is 
the origin of the hepatic carcinogenic response elicited by azo dyes 

The suggestion, however, that there may be an association between a para 
form of binding and carcmogenesis is m conflict noth certain experimental 
evidence on tins subject 

The hydrocarbon 1 2 3 4-dibenzanthracene for example, does not possess 
a K -region as such and yet undergoes extensive bmdmg to protem within the 
skin (Heidelberger and Moldenhauer, 1956) The logical explanation of this 
behaviour is that bmdmg occurs at the reactive meso-positions of the molecule 
and yet tins hydrocarbon is, at most, a very weak carcinogen Also, the 
evidence reported by Ohveno and Heidelberger (1958) m support of a relationship 
between K-region bmdmg and carcinogenic activity m the 1 2 5 6-dibenz- 
anthracene series is most convmcmg although not without certain anomahes 

What is possible, however, is that we are dealmg with two different and 
possibly independent processes, one concerned with overall bmdmg to cellular 
protem and the other with bmdmg, possibly to enzymes, within the microsomes 
where the hydroxylatmg system is active There is m fact evidence that two 
such forms of bmdmg may exist, for it was found by Miller (1951) that, although 
normal alkaline hydrolysis was effective in hberatmg a fluorescent acidic deriva- 


tive from the precipitated protem of skin following treatment with. 3 4- 
benzpyrene, a further fluorescent neutral fraction v, as only released by this 
procedure when zmc dust was present m the mixture Significantly the former 
conditions aie also those necessary for the quantitative liberation of 3 4- 
benzp 3 >rene from the microsomal system of hydroxylation (Conney et al , 1957) 
On existing evidence the K-iegion bmdmg theory of carcmogenesis must 
obviously be favoured foi this phenomenon has been demonstrated within the 
skin wheie tumour formation occurs The microsomal system of hydroxylation 
on the other hand has so far been detected only within the liver where the 
induction of hepatoma formation by polycyclic aromatic hvdrocarbons is open to 
doubt More must be known therefore of the enzymatic system of hydioxylation 
within the skm and the mechanisms involved before this apparent conflict can be 
resolved It is then possible that studies of bmdmg m the in vitw systems may 
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provide a truer picture of m vivo behaviour for, as the hydrocarbon is not added 
until the processes of cellular disintegration and centrifugation have been earned 
out, the objections raised by Hadler, Darchun and Lee (1959) no longer apply 

Except where stated the chemical data referred to in this work are taken either 
from Fieser and Fieser (1944), Gilman’s ‘ Organic Chemistry ’ (1947) or Elsevier’s 
‘ Encyclopaedia of Organic Chemistry ’, Supplementary Volume 14 (1951) 
Data of carcinogenic activity are taken from Hartwell (1951) 


SUMMARY 

A theory involving lmkage to cellular material, possibly enzymes, within 
the microsomes has been developed to account for the fact that carcinogenic 
hydrocarbons undergo hydroxylation principally at positions of the molecule 
which are inert to chemical attack It is postulated that binding may occur 
either across non-adjacent reactive positions or at the reactive bond each of 
which leads to activation at different sites of the molecule On this reasoning 
it is concluded that species differences m the site of hydroxylation are due to 
differences m the relative contributions of these distinct forms of binding to 
the total amount bound m any one species An ortho form of binding would 
appear to be favoured m the rabbit and a para form in the rat and mouse 

The hydroxylation of non-carcinogemc hydrocarbons on the other hand is 
best explained either on the basis of non-binding or of binding through the 
most reactive bond There would thus appear to be no association between 
an ortho form of binding during hydroxylation and carcinogenesis It follows 
therefore that a para form of binding may be of importance m this respect and 
this possibility is discussed m relation to current views on protein bmding and 
carcinogenesis 

The expenses of this work were defrayed from a block grant by the British 
Empire Cancer Campaign 
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METABOLISM OF 1 2-BENZANTHEACENE IN THE EABBIT 

K H HARPER 

From the Department of Cancel Research Mount Vernon Hospital 
and the Radium Institute Forth rood Middlesex 

Receded for publication October 31, 1959 

The metabolism of 1 2-benzanthracene m rats and mice u as investigated 
by Berenblum and Sclioental (1943) u ho reported the excretion m the faeces 
of a phenolic derivative identified as 4'-hydroxybenzanthracene by methylation 
and spectroscopic comparison with known metJioxj^benzantliracenes Recent 
studies by the author (Harper, 1959a) confirmed this identification for the mouse 
faecal metabolite but the spectral analyses v ere considered to be consistent with 
the presence of an additional phenolic derivative The latter compound did m 
fact appear to be the major component of the initial phenolic fraction conjugated 
with sulphuric acid in the bile It vas suggested, by analogy until other hydro- 
carbons, that this may be the 2'-hydroxy derivative and theoretical considerations 
(Harper, 1959b) led to the pioposal that the formation of this metabolite would 
be favoured m the rabbit Samples of both 2 '-hydroxy- and 2'-methoxybenzan- 
thracene have now been made available through the kind generosities of Professor 
Badger m Australia and Dr Sclioental m this country so that it has been possible 
to test these proposals by experiment 


MATERIALS AND METHODS 

The two rabbits used m this uork uere maintained on a green-free diet for 
two weeks prior to injection m ordei to reduce the chlorophyll content of the 
gut and faeces 

Purified 1 2-benzanthracene uas piepared for mjection either as a colloid 
in distilled water (1 mg per c c ) or as a supersaturated solution in warm 
tncaprylm (20 mg per c c ) 

In the first experiment (Experiment A) one rabbit v as mjected mtrapen- 
toneally with 10 c c of the tncaprylm solution and the faeces were collected 
daily for a period of one week Extraction into xylene via acetone was carried 
out immediately and the phenolic metabolite was isolated from the pooled 
xylenes as descnbed previously (Harper, 1959a) 

In the second experiment (Experiment B) the lemanung labbit was injected 
intravenously via the ear vein with 20 c c of colloidal hydrocarbon and lolled 
at 2 hours No fluorescence attributable to the hydrocaibon or its metabolites 
was discernible within the tissues and the combmed gall bladdei and small 
intestine were therefore homogenised and subjected to hot acid hydrolysis (1 N 
hydrochloric acid at 100° C for 1 hour under mtiogen) Extraction with xylene 
then removed a blue-fluorescent derivative winch was isolated by the procedure 
referred to above for the faecal metabolite 
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RESULTS 


Experiment A 

A solution of tlie metabolite m ethanol possessed a bright blue fluorescence 
which changed immediately to yellow on addition of sodium hydroxide 
Absorption spectroscopy m hexane revealed the presence of absoibmg impurity 
m the shorter wave length region but above 280 m/t the bands recorded (Fig 1, 
Table X) were, with one exception (see discussion), almost identical with those 
of synthetic 2Miydroxybenzanthracene 

Table I 


Absorption bands in hexane (m/t) 


Rabbit 

faecal 

metabolite 

2'-OH 

Mouse 

metabolite 

BA-OH 

Methylated 

rabbit 

metabolite 

2'-OMe 



226-227 

226 

226-227 

227 

— 

[256-266] 

253 

[254-256] 

[25A-256] 



262 

[262] 

262-263 

262-263 



269-270 

[270-272] 

270 

269 

— 

[278-280] 

[278-280] 

278-280 

280 

286 

286 

286 

287 

287 

297 

297 

297 

297 

297 5 

322-324 

325 5 

[320-324] 

324-326 

326-327 

337 

— 

337 

— 

— 



341 

[340-341] 

338-342 

340-342 

364 

364 

354-356 

354 

354 5 

373 

373 

372 

372 

372 

394 

394 

394 

393 

393 


2'~OH = 2'-bydroxybenzanthracene 
2'-OMe = 2' methoxybenzanthracene 

BA-OH = free phenolic component of the mouse sulphate conjugate 


Methylation of the metabolite with dimethyl sulphate and excess sodium 
hydroxide yielded a neutral derivative, purified by chromatography on alumina 
from benzene followed by alumina from cyclohexane The absorption spectrum 
of this compound proved to be almost identical with that of 2'-methoxybenzan- 
thracene (Fig 2, Table I) and the phenolic derivative excreted m the faeces was 
therefore concluded to be 2'-hydroxybenzanthracene 

Also included for comparison m the above data (Fig 1, Table I) is the 
absorption spectrum of the phenolic fraction obtained from the sulphate conjugate 
of mouse bile (Harper, 1959a) This agam is very similar to that of the 2'- 
hydroxy derivative but differs from it m the sharpness of the major band at 
286 m/i In this respect it is similar to 4'-hydroxybenzantliracene and a probable 
explanation of tins behaviour is that a mixture of the 2'- and 4'-hydroxy 
compounds is present, with the former m excess 


Expei nnenl B 

The primary aim of this experiment, to isolate conjugated metabolites from 
the gall bladder and small intestine, was prevented by the large amount of acidic 
colouring matter piesent in these organs Recourse was had therefore to the 
hydrolytic procedure described under materials and methods m the hope 
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a b 



1 Phenolic component of the mouse sulphate conjugate ( b ordinates) 

2 2' Hydroxy- 1 2 benzanthracone (b ordinates) 

3A and 3B — Weak and concentrated solutions of the phenolic metabolite of benzanthra 
cene from rabbit faeces (3 A — a ordinates , 3B — b ordinates) 


a b 



1 2'-Methoxy-l 2 benzanthracene (b ordinates) 

2 Methylated phenohc metabolite of benzanthracene from rabbit faeces (o ordinates) 
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that a phenolic derivative liberated by this means from a sulphate conjugate 
would be more amenable to isolation and purification In this respect the 
experiment was a success and the phenohc fraction thus obtained, although 
impure, possessed absorption bands identical with those of the faecal metabolite. 

DISCUSSION 

Although there can be little doubt that the rabbit metabolite isolated m this- 
work is 2'-hydroxy-benzanthracene it is perhaps surprising, m view of the close 
correspondence existing between other bands, that the rather diffuse 341 m/x 
band of the synthetic compound should appear at 337 m/i m the metabolite 
This divergence, however, is undoubtedly due to the presence of absorbing 
impurity for, as absorption m a mixture is additive, the superimposed effect of 
decreasing background absorption upon a broad, almost horizontal maximum of 
this nature will be to decrease absorption m the band passing from shorter to 
longer wave lengths The overall effect therefore will be a sharpening and 
hypsochromic displacement of the maximum Significantly, this effect was not 
observed with the purer methylated form of the metabolite 

The isolation of free 2'-hydroxybenzanthracene from the gall bladder and 
small intestine following acid hydrolysis is consistent with the presence m these 
organs of a sulphate conjugate, if not perhaps the glucuromde, of the phenol 
The situation in respect therefore is probably similar to that occurring m the mouse 
but differs from it in the fact that hydroxylation occurs exclusively m the 2'- 
position The metabolism of 1 2-benzanthracene m the mouse is mdeed 
analogous to that of 3 4-benzpyrene for, although hydroxylation occurs at more 
than one point of the molecule, the quantitative relationship existing between 
the resultant products appears to be time dependent Thus the initial major 
products yielded by these two hydrocarbons m mvo are probably 2' -hydroxy- 
benzanthracene and the unidentified F x metabohte of 3 4-benzpyrene but at 
later time intervals these are replaced by the structurally analogous 4' -hydroxy- 
benzanthracene and 8-hydroxybenzpyrene It would appear therefore that the 
initial products of hydroxylation m the mouse are themselves inhibitors of their 
own synthesis and herein may he the secret both of species differences m the site 
of hydroxylation and m the graded carcinogenic response elicited by the 
hydrocarbons m these species 

In conclusion it can be said that the hydroxylation of 1 2-benzanthracene 
m the 2'-position and the lack of carcinogenic activity in the rabbit is consistent 
with the proposal advanced previously (Harper, 19596) that an ortho form off 
binding is favoured during hydroxylation m the microsomes of this species The 
carcinogenic action of this hydrocarbon in the mouse is then to be envisaged as a 
secondary effect arising from an initial “ poisoning ” of the defensive ortho- 
mechanism which then allows the active para form to come into play Similar 
considerations may also apply m the case of 1 2 5 6-dibenzanthracene (without 
activity m the rabbit) and 3 4-benzpyrene (reduced activity in the rabbit) 

Data of carcinogenic activity are taken from Hartwell (1951) 

SUMMARY 

9 , 1 1 2-Benzantluacene has been found to undergo hydroxylation m the 
- -position after mtrapentoneal and intravenous injection in the rabbit The 
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phenolic metabolite, 2'-hydroxybenzantliracene, is excreted in the faeces although 
it is probably eliminated mitially via the bile m conjugated form 

2 Previous data obtamed on the metabolism of 1 2- benzantlrracene in 
nnce have been re-examined and are consistent with the view that hydroxylation 
occurs m both the 2'- and 4'-positions with the former predominating dunng the 
initial stages of metabolism 

3 These results aie discussed m relation to former proposals concerning 
hydroxylation and carcinogenesis 

I am greatly mdebted to Dr R Schoental for her gift of 2'-methoxybenz- 
anthracene and to Professor G M Badger for his gift of 2'- hydroxybenz- 
anthracene 

The expenses of this work were defrayed from a block grant by the British 
Empire Cancer Campaign 
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Folloutrg the demonstration by Miller and Miller (1947) of the binding of 
carcinogenic anunoazo dyes to proteins of the target organ, much work has been 
directed towards elucidatmg the reactive sites of both carcinogen and protein 
Sillier and Sillier (1953) have suggested that the linkage between dye and 
protein is stable to treatment with hot ethanohc KOH Under these conditions 
hydrolysis of protem occurs so that the recovered polar dye should have an ammo 
acid residue attached To date, insufficient quantities of tins polar derivative 
have been obtained to enable chemical identification of this residue 

Gelbom, Sillier and Sillier (1958) have reported that, a few hours after the 
mtrapentoneal administration of a large dose of 3 , -methyl-4-dimethylammoazo- 
benzene (3'MeDAB), protem-bound derivatives are detectable in the hver The 
electrophoretic and spectral properties of the bound dyes obtamed, either by 
prolonged feeding or following a smgle dose, were similar The findings of Gelbom, 
Sillier and Sillier (1958) support the view that a large percentage of the bound 
dye is bound to certam hver proteins during then synthesis rather than by be- 
coming attached to protein already formed This interpretation is m disagreement 
with that of Hultm (1956) who suggested that the formation of protein bound dye 
is independent of protem synthesis 

To date, little evidence is available concerning the actual site(s) mvolved m 
the protem(s) concerned Kusama and Terayama (1957), Terayama and Kusama 
(1957), Kusama, Terayama and Teruya (1958) and Terayama, Kusama, Teruya, 
Kuroda and Nakayama (1958), as a result of spectroscopic studies of synthetic 
polar-hke dyes, have suggested that a tyrosme-ammoazobenzene combination is 
the most probable model for the polar dye 

In this communication the results of an investigation, using isotopically labelled 
ammo acids m an endeavour to determine the origin of substituents m the polar 
denvative(s) of anunoazo dyes, are presented 


METHODS 

Care of animals 

As a locally available strarn of Wistar rats had previously been found to give 
higher levels of protein-bound dye than rats of Sprague-Dawley strain the 
lormer were used 

Three of four rats, weighmg 18-31 g v ere removed from then mother and kept 
"arm for five hours They were then injected mtrapentoneally with 0 5 ml of a 
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2 per cent solution of 3'MeDAB m olive oil and returned to the mother after the 
remaining members of the litter had been removed After a further hour the 
young rats were inspected and ones selected were injected mtrapentoneally with 
14 C labelled ammo acid * A dose of 0 01 me of ammo acid was given when the 
l isomer was used while 0 020-0 025 me was given when dl ammo acids were 
employed The following ammo acids were used dl Alanine- 1- 14 C, l Argmme- 
14 0 (G), l Aspartic acid- 14 C (G), L Glutamic acid- 14 C (G), Glyeme-l- 14 C, L Histi- 
dme-2(nng)- 14 C, /<S 0 -Leucme- 14 C (G), dl Leucme-l- 14 C, l Lysme- 14 C (G), l Phenyl- 
alamne- 14 C (G), l Prolme- 14 C (G), l Serme-3- 14 C, l Serme- 14 C (G), l Threonme- 
14 C (G), dl Tryptophan (Indolyl-Alamnefi-^C), l Tyrosme- 14 C (G), dl Valine- 1- 
14 C, dl Cystme- 35 S and dl Methionme- 3B S After a further period of 19 hours the 
rats were sacrificed and tlieir livers removed and homogenized m 2 ml of water 

Preparation of polar dyes, chromatography and counting techniques 

After adding an aliquot of 0 5 m pH 4 0 acetate buffer the liver proteins were 
precipitated by boiling for three minutes The precipitated proteins were collected 
on hardened filter paper, washed with ethanol and then extracted for 48 hours 
with ethanol m a Soxhlet apparatus The extracted powders were then digested 
m ethanolic KOH at 80° C for 20 hours and the digests extracted twice with 1 5 
ethanol-ethyl ether by the method of Miller and Miller (1947) The combined 
ethereal extracts were transferred to small beakers KOH dissolved m the ethereal 
extracts was precipitated as carbonate by the addition of a small piece of dry ice 
and the extract was evaporated to dryness, initially over a water bath and finally 
m vacuo The residues (apart from potassium carbonate) were transferred by dis- 
solving ml 5 ethanol-ethyl ether to 2 2 cm diameter watch glasses and any 
activity determined by usmg a Geiger Muller tube with a mica window 2 3 mg 
cm ~ 2 , counting was performed at infinite tlnnness for a minimum time of 30 
minutes for each sample (background 7-10 counts per mmute) 

The samples were transferred to Whatman No 1 paper with a small amount 
of ethanol The total amount of polar dye extracted from one liver was introduced 
on to the paper m three spots If necessary additional unlabelled polar dye eluted 
from other chromatograms was added to make the spots visible The spots were 
dned with a hair drier between each application and then chromatographed usmg 
the solvent system u-butanol, acetic acid, water 4 15 Prior to chromatography 
the spots were exposed to ammonia vapour After cliromatography and drying, 
the papers were exposed to HC1 vapour and any areas showing a famt pmk colour 
were cut out and eluted with ethanol m a semi-micro Soxhlet apparatus After 
standing under a hood for 3-4 hours the remainder of the paper was sprayed with 
mnhydrm After drying m vacuo the eluted material from the pink spots was then 
rechromatographed on Whatman No 1 paper using the system benzyl alcohol, 
water and once agam the areas showing a faint pmk colour on acidification v ere 
cut out and eluted with ethanol All the polar dye arising from a smgle liver 
(which was run m three spots on the initial chromatograms) was then pooled 
and run as a smgle spot m the benzyl alcohol, water system After drying, the 
diluted material was transferred to watch glasses and counted as before at infinite 
thinness, for a minimum time of 30 minutes The density of material on the sources 
counted was not greater than 10 /<g cm ~ 2 The material counted in each case was 

* Obtained from the Radiochemical Centre, Amersham, Bucks , England 
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thus the total amount of polar dye derived from a smgle liver Countmg was 
performed for at least half an hour with each source , background varied between 
8 and 10 counts per minute The amount of azo dye present m each source was 
estimated spectrophotometncally m HCl-ethanol at 520 m/i A solution of 
3'MeDAB m acid-ethanol was used as a standard 

In all cases control spots of known unlabelled ammo acid were run on the same 
piece of paper with the dye-labelled ammo acid samples As a result of a prelim- 
inary screening experiment tryptophan, vahne, histidine and proline were sub- 
jected to further study Using these ammo acids, methionine and cystine, litter 
mates were given either a labelled ammo acid alone or a labelled ammo acid plus 
carcinogen and their livers subsequently hydrolyzed and extracted m an identical 
manner Both samples were then chromatographed on the same sheet of paper 
and corresponding areas were cut out, eluted and counted 
All chromatography was performed at 23 + 2° C 


The polar derivatives of 3'MeDAB prepared from livers of rats given 14 C 
labelled alanine arginine, aspartic acid, glutamic acid, glycine, histidine, iso- 
leucine, leucine, lysme, phenylalanine, proline, senne, threonine and tyrosine 
showed little or no activity All of these experiments were run at least m duplicate , 
m some cases the procedure was earned out four times 

The polar dyes obtamed from rats given labelled tryptophan, vahne, methio- 
nine and cystine showed appreciable activity (Table I) While matenal prepared 


Table I — Showing Activities of Polar Dyes Obtained from Rats given Labelled 
Tryptophan, Valine, Cystine and Methionine 


Amino acid 

Number 

of 

rats 

Mean counts 
per minute 
per mg DF 
polar dye 

Level of statistical 
significance of differenc 
between group given 
carcinogen and contro 
group (( test) 

Tryptophan. 

8 

4495±285* 

<1% 

Vahne 

7 

3268±252* 

<1% 

Cystine 

4 

2887 ±366* 

6% 

Methionine 

4 

4420±962 

Not significant 


* _ 

Standard deviation 


m the same way from rats given labelled tryptophan only (without 3'MeDAB) or 
labelled vahne only showed very low activity, that prepared from rats given 35 S 
labelled methionine or cystine only showed some activity 

Rf values of ammo acids and ammoazo dyes are shown m Table II 


DISCUSSION 

Interpretations drawn from studies of this type must be viewed within the 
lmitatmns of the technique The metabolic mterconversion of ammo acids is well 
estabhshed so that if the polar denvative of 3'MeDAB prepared from rats given a 
particular 14 C labelled ammo acid shows a significant but low activity, tins should 
52 
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Table II — Showing Rj Values of Ammo Acids and Azo Dyes 
m Solvent Systems Used 


Substance 

Benzyl alcohol- 
water 

7i-Butn.no], acetic acid 
water — 4 1 5 

Alanine 

0 04 

0 39 

Arginine 

0 01 

0 19 

Aspartic acid 

0 00 

0 33 

Glutamic acid 

0 00 

0 37 

Glycine 

0 02 

0 33 

Histidine 

0 02 

0 19 

Iso Loucmo 

0 18 

0 70 

Leucine 

0 20 

0 72 

Lysine 

0 00 

0 18 

Phenylalanine 

0 37 

0 0G 

Prolino 

0 12 

0 43 

Serine 

0 01 

0 31 

Tlireomne 

0 02 



Tryptophan 

0 29 

0 61 

Tyrosine 

0 14 

0 53 

Valine 

0 11 

0 50 

Cystine 

0 00 

— 

Methionino 

0 17 

0 57 

Polar djo* 

0 80 

0 75 

3'MeDAB 

0 94 

0 94 

S'MeMAB 

1 00 

0 93 

S'MeABf 

1 00 

0 94 


* The dye recovered after hydrolysis of the liver proteins lias polar properties as demonstrated 
by Miller and Miller (1947) and was called by them polar dyo Its oxnct structure has not been 
determined as yet 

t Presented by Dr J A Miller 


be considered as being due to the ammo acid given being converted to another 
ammo acid which becomes bound On the other hand if the polar dye obtained, 
after giving a particular labelled ammo acid, shows high activity this might 
possibly indicate that this amino acid marks the site of attachment of dye to 
protein In order to reduce this mterconversion of ammo acids the time taken 
from administration of the dye and labelled ammo acids should be reduced to a 
m in imum The observation of Gelbom, Miller and Miller (1958) that the polar 
dye formed within hours of giving a large dose of 3'MeDAB is similar to that formed 
on prolonged feeding of lower levels of dye, offers an opportunity of greatly re- 
ducing this time but still retaining a high level of bound dye Thus the time of 
19 hours was determined by the interval required to achieve sufficient dye binding 
to enable recogmtion of the dye on the chromatograms This is considerably 
longer than the time required for maximal labelling of proteins by giving ammo 
acids 

Infant rats were used m order to get the maximum concentration of labelling 
of polar dye with associated economy of isotopes Since Gelbom, Miller and Miller 
have correlated the rapid achievement of a high level of bound dye with the rate 
of protein synthesis the rats used were fasted but returned to the mother shortly 
before injection 

Preliminary investigations were made concerning the toxicity of large amounts 
of certain unlabelled ammo acids to infant rats in an endeavour to investigate 
the possibility of decreasing the conversion of one ammo acid into another m 
subsequent experiments using isotopes , for example, in view of the conversion 
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of senne to cystine it was considered that the administration of a large excess of 
unlabelled cystine with labelled serine would decrease the formation of labelled 
cystine from the serme However, as the combined injections of 3'MeDAB and a 
large excess of an ammo acid frequently was found to be toxic to suckling rats, 
this procedure was not adopted m the experiments using isotopically labelled 
ammo acids 

In all experiments employing isotopic techniques most stringent purification 
methods are essential The extracted dyes were purified by chromatography using 
the systems w-butanol, acetic acid, water 4 15 and benzyl alcohol-water Control 
spots of free ammo acids were run on the same sheets of paper and these showed 
a clear separation between the polar dye and the free ammo acids The Rf values 
of the ammo acids and aminoazo dyes are sufficiently different, m the solvent 
system used, to obtain a good separation (Table II) In each case a ninhydrin 
reaction carried out after cuttmg out the polar dye spots showed no ninhydrin 
positive material at the margin of the spot 

Before attributing activity to the presence of any ammo acid as a substituent 
m the polar dye molecule it is necessary to demonstrate that the material, pre- 
pared in the same way from the fivers of rats given labelled ammo acid but no 
carcinogen, shows little or no activity Tins excludes the possibility that the 
activity observed is due to any small peptide or other metabolite of the ammo 
acid m question with Rf values similar to that of the polar bound dye 

Appreciable activity was obtained only with the polar dyes derived from rats 
given labelled tryptophan, valine, cystme or methionine In the cases of cystine 
and methionine, however, some activity was also found m corresponding material 
prepared from rats given labelled ammo acid only 

Application of the f-test to the results (group given 3'MeDAB plus labelled 
ammo acid and group given labelled ammo acid alone) gave values which were 
significant at the I per cent level for tryptophan and vahne and at the 6 per cent 
level for cystme No statistically significant difference between the methionine 
groups could be detected 

The results obtamed suggest that tryptophan, valrne and possibly cystme (or 
cysteine) residues are associated with the polar bound dye 

Since m these experiments no activity was found m the polar dye recovered 
from rats given dye and either labelled tyrosine or its precursor phenylalanine, it 
is difficult to reconcile these results with the suggestion of Kusama and Terayama 
(1957), Terayama and Kusama (1957), Kusama et al (1958) and Terayama et al 
(1958), that a tyrosine residue is mvolved 

It is appreciated that these results are based on experiments on few ammals 
Further work is contemplated 


SUMMARY 

1 Suckling rats have been given 3'MeDAB and individual labelled ammo 
acids The recovered polar dyes have been purified by chromatography and 
examined for activity 

2 Activity has been found in the polar dyes prepared from rats given labelled 
tryptophan, vahne, cystine and methionine 

3 It is suggested that tryptophan, vahne and possibly cystine (cysteine) 
residues are the substituents m the polar derivatives 
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It lias been found previously (Silk, Hawtrey and Macintosh, 1958) that 
Ehrlich ascites cells show lower oxygen uptake and aerobic glycolysis in a medium 
of peripheral lymph drained from X-irradiated dog tissues than in a medium of 
normal peripheral dog lymph Since the ascites cells themselves were not irra- 
diated, an “ indirect ” action of radiation was postulated to account for the 
observed effects on respiratory metabohsm which operate through the environ- 
mental medium 

In a further examination of this “ indirect ” action of radiation, the respiratory 
metabohsm of intact Ehrlich ascites cells and of Ehrlich ascites cell mitochondria 
lias been compared in media previously incubated with mouse antero-lateral 
abdominal wall and m the same media given 1000 roentgen X-irradiation in con- 
tact with the tissue before incubation Although the glycolysis of intact cells is 
httle different in the non-irradiated and X-irradiated media, the oxygen uptake 
of both intact cells and mitochondria is markedly influenced Measurements of 
respiration have been made m both bicarbonate and phosphate buffered media 
As m previous work (Silk, Hawtrey and Macintosh, 1958) the effects are found to 
be opposite m the two buffer systems 

The reasons for this “ indirect ” effect of radiation has been sought m the 
chemical composition of the environmental media before and after radiation It 
would appear that factors liberated by the irradiated mouse antero-lateral abdo- 
minal wall are capable of influencing the respiration rate of Ehrlich ascites cells 
and mitochondria 


MATERIALS AND METHODS 
Mouse antei o-latei al abdominal wall 

Mice were killed by cervical fracture A median incision was then made m 
the ventral aspect of the abdomen Flaps of skm and subcutaneous tissue were 
dissected away up to the dorsal aspect of the abdominal cavity The remainder 
of the antero-lateral abdominal wall consisting of peritoneum, subserous tissue 
and fascia with layers of muscle and overlying connective tissue, was then excised 
for experiment The tissue was cut into portions approximately 1 cm square, 

South^Afnw addrCSS SA Pollom > ehtlB Research Foundation, PO Box 1038, Johannesburg, 

■ N “ , ‘ on “ 1 Ch “““" iWth c s i n 
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and stored m ice cold normal saline +0 2 per cent w/v glucose until ready for 
incubation with various media 

Prepaiation of media foi incubation with mouse antero-latcral abdominal wall 

(a) Ehrlich ascites plasma — Citrated (5 mg /ml ) Ehrlich ascites fluid was 
centrifuged at 4° C , to give clear ascites plasma free of cells The bicarbonate 
content of an aliquot was determined by acidification m Warburg manometers 
filled with 95 per cent 0 2 + 5 per cent C0 2> and the calculated amount of 0 75 m 
NaHCOg solution was then added to the mam bulk to give a final bicarbonate 
concentration of approximately 0 017 m The pH values of all samples used lay 
within the range pH 7 2-7 4 when measured m contact with a gas mixture con- 
taining 96 per cent 0 2 + 5 per cent C0 2 , and agreed generally to within 0 2 of a 
pH unit for corresponding batches of non -irradiated and 1000 roentgen X-irra- 
diated media For use as a medium m which to determine both the glycolysis 
and respiration of intact Ehrlich ascites cells, the plasma was fortified with 0 25 
per cent w/v glucose before incubation with mouse tissue For use as a medium 
m which to determine only the 0 2 uptake of intact cells, 1 30 ml of 0 3 m potassium 
succmate was added to each 60 ml in place of the glucose Tins amount of suc- 
cinate was adequate to serve as substrate for the mouse antero-lateral abdominal 
wall tissue during incubation, and also for respiration of the Ehrlich cells 
allowed to metabolise m the medium after incubation 

(b) Ringei bicarbonate-succinate — The medium contained 1 30 ml of 0 3 M 
potassium succmate per 60 ml of standard Ringer bicarbonate solution 

(c) Ringer phosphate-succinate — The medium contained 1 30 ml of 03 m 
potassium succmate per 60 ml of standard Rmger phosphate solution 

(d) Phosphate buffered medium — The following medium was prepared phos- 
phate buffer (pH 7 4), 0 067 m , MgCl 2 , 0 009 M , KC1, 0 015 M , glucose, 0 015 M 
sucrose, 0 044 M 


Radiation and incubation with mouse antero-lateial abdominal wall 


Precautions were taken to ensure stenkty during all operations 
Aliquots (30 ml ) of the requned medium (a), (6), (c) or ( d ), were placed m 
pairs of 250 ml comcal flasks Antero-lateral abdominal wall sections from 6 mice 
(approximately 2 4 g wet wt ) were placed m each of the flasks One flask of each 
pair was then given 1000 roentgen X-irradiation (220 kV, 15 mA, filtered through 
0 2 mm Sn + 0 25 mm Cu + 1 0 mm Al) at the rate of 160 roentgen/mm 
delivered through the base of the vessel 

Both the irradiated and non-irradiated flasks of each pair were then incubated 
3 hours with slow shaking on a Warburg bath at 37° C During incubation of 
bicarbonate media 200 c c /nun of water-saturated 95 per cent 0 2 + 5 per cent 
C0 2 gas mixture was blown through the flasks Suspensions m phosphate buffered 
medi um were s imil arly gassed with 200 c c /mm pine 0 2 

After incubation the media were freed of all cells by centrifugation at 2500 


revs /mm for 15-20 minutes 

Ascites plasma (a) — The bicarbonate concentration was re-adjusted to 0 017 M 
as described above For use as a medium m which to determine glycolysis, extra 
glucose was added in amount equivalent to the bicarbonate lost through ferment- 
ative lactic acid production during incubation with the tissue 
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Ringer bicarbonate-succinate (6) — The bicarbonate concentration was adjusted 
to 0 195 m after incubation No extra succinate was added 

Ringer phosphate-succinate (c) and Phosphate buffered medium (d) were carefully- 
triturated to pH 7 5 with KOH after incubation and were used without further 
addition of succinate or glucose 

All media were filtered through sintered glass (Porosity 5) and were stored m 
the cold before use 

Deproteimsation of Ehrlich ascites plasma after incubation unth mouse antero -lateral 
abdominal wall 

Immediately after incubation the plasma was deprotemised by addition of 
4 vols cold acid-free ethanol After standing overnight at 4° C the precipitate 
was removed by centrifugation Alcohol was removed from the supernatant by 
concentration under reduced temperature and pressure to J of the original plasma 
volume The solution was then made up to the original plasma volume by addition 
of distilled water The bicarbonate concentration was re-adjusted to 0 017 M as 
above, and the medium passed through a sintered glass (Porosity 5) filter before 
use 


Ehrlich mouse ascites carcinoma cells 

The tumour was kindly supphed by Dr Kanematsu Sugiura of the Sloan- 
Kettenng Institute, N Y , and has been maintained m Swiss albino mice which 
were used between the 9th and 12th day after inoculation 

The total cells present m a chilled 10 ml sample of citrated (5 mg /ml ) ascites 
fluid was removed by centrifugation at 4° C For experiments with bicarbonate 
buffered media the cells were washed by re-suspendmg m 2-3 vols Ringer bi- 
carbonate-succinate solution (b) For experiments with phosphate buffered media 
the cells were washed m the appropriate solution (c) or (d) Weighed portions of 
each washed cell mass were then thoroughly slumed with aliquots of corresponding 
non-irradiated and X-irradiated media (160 mg / 4 5 ml for bicarbonate buffered 
media or 420 mg /7 0 ml for phosphate buffered media) Aliquots (2 0 ml ) of 
the resulting suspensions were used for manometnc measurement of and Q 0i 

The following abbreviations are used m the text 

Q2 1 

Qo, (intact cells) 

Qo, (mitochondria) 

ADP 
AMP 
DPN 
EDTA 
TCA 

Bicarbonate containing media were equilibrated with 95 per cent 0„ + 5 per 
cent C0 2 in a small pressure bomb at 30 p s l before use Phosphate buffered 
media were equilibrated with pure 0, 


Aerobic glycolysis m terms of /A CO, per mg dry weight of tissue per hour 
at 37° C 

/d O. uptake per mg dry weight of cells per hour at 37° C 

/d O. uptake per mg protein per hour at 30° C 

adenosine diphosphate 

adenosine monophosphate 

diphospliopjTidine nucleotide 

ethvleno diamine tetra acetic acid 

tnchloro acetic acid 


Ehrhch ascites cell mitochondria 

These particulates were isolated m 0 25 m sucrose according to the method of 
Havtrcv and Silk (19G0) Salme v ashed Ehrhch ascites cells were previously 
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swollen 16 minutes in hypotonic Ringer phosphate solution and then lysed into 
pure water using a Dounce homogemser for 3 0 minutes Immediately after 
3 minutes, concentrated sucrose solution was added to give a 0 25 m sucrose homo- 
genate from which the mitochondria were isolated by differential centrifugation 
m the customary manner Twice washed mitochondria free of “ fluffy layer ” 
were used for all experiments Each 1 0 ml of the final suspension m 0 25 m 
sucrose contained 3-11 mg of mitochondrial protein determined according to 
Cleland and Slater (1953) 

Aerobic glycolysis and oxygen uptake of intact Ehrlich ascites cells in bicarbonate 
buffeied media 

Aerobic glycolysis and oxygen uptake were determined simultaneously by the 
method of Dixon and Keilin (1933) using Barcroft differential manometers The 
precautions described by Elliott and Schroeder (1934) and Dixon (1951) were 
observed Measurements were made at 37° C and the flasks were gassed with 
water-saturated 95 per cent 0 2 -f- 5 per cent C0 2 during a 15 minute equilibration 
period The side aims contained 0 5 ml of 1 0 m HC1 and the stopper cavities 
v r ere filled wotli 40 per cent KOH Clenci solution (P 0 = 2500) was used m the 
manometers 

The two flasks of each manometer contained identical aliquots of either (a) 
the Ehrlich ascites cell suspension in medium incubated with tissue but not 
irradiated, or (6) the Ehrlich ascites cell suspension m medium incubated with 
mouse abdominal wall tissue after 1000 roentgen X-nradiation 

Experiments were conducted over periods of 40-50 minutes during which time 
the rates of glycolysis and respiration remained apparently undimmished 

The pH at the beginning and end of each experiment w r as calculated using the 
Henderson-Hassalbalch equation with the values pK 1 = 61,a=051 (cc C0 2 
dissolved per ml of medium at 37° C and 760 mm ) for ascites serum and 
pK 1 = 6 32, a = 0 57 for non-proteinaceous media The initial pH values of all 
suspensions were found to he within the range pH 7 2—7 4 

Retention curves necessary to correct the observed glycolysis for the amount 
of C0 2 retamed by the medium and not registeied on the manometer were deter- 
mined by the method of Brekke and Dixon (1937) The values of Rj A pH for the 
X -irradiated medium were on an average 14 per cent lower than for the correspond- 
ing non-rrradiated medium 

Oxygen uptake and PjO ratio of Ehrlich ascites cell mitochondria m phosphate buffered 
media incubated unth mouse antero -lateral abdominal nail 

Corresponding senes of Warburg flasks were set up with (a) 2 0 ml ahquots 
of phosphate buffered medium meubated with mouse tissue but not irradiated, 
and (6) 2 0 ml ahquots of corresponding medium meubated with tissue after 1000 
roentgen X-irradiation To each flask was added 0 26 ml of the following solution 
KE, 0 173 m , MgCl 2 , 0 023 m , ADP, 0 029 M , AMP, 0 012 M , EDTA, 0 023 m , 
cytochrome-c, 113 x 10~ 4 m , DPN, 0 0028 m The side arms of each flask 
contamed 0 24 ml of 03 M glucose plus 1-2 mg of crystalline hexokinase, and 
the centre wells 0 2 ml of 40 per cent KOH solution with a roll of filter paper 
After cooling the flasks m ice, 0 4 ml of the mitochondrial suspension m 
0 25 m sucrose was added to each vessel 
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Final concentrations m each flask were as follows potassium phosphate 
buffer (pH 7 4), 0 045 M , KF, 0 015 M , MgCl 8 , 0 008 M , ADP, 0 0025 M , AMP, 
0 001 m , EDTA, 0 002 m , glucose, 0 034 m , KC1, 0 01 m, sucrose 0 062 m , 
DPN, 24 x 10~ 4 m, cytoclirome-c, 9 8 x 10~ 6 m , hexokmase, 1-2 mg (plus 
unknown amounts of lactic acid, ammo acids, substrates, etc , resulting from 
incubation of part of the flask contents with mouse antero-lateral abdominal 
Avail) 

Experiments were conducted at 30° 0 over periods of 25-35 minutes with air 
as the gas phase An equilibration time of 13 minutes on the manometer bath 
Avas allowed before closing the taps and adding the side-arm contents The re- 
action Avas stopped by addition of 1 0 ml of 30 per cent TCA to each flask which 
Avas then placed m ice Phosphate uptake was determmed by the method of Fiske 
and Subbarow (1925) on the cold TCA filtrate 

Ammo acid analysis 

Samples of corresponding non-irradiated and X-irradiated media Avere de- 
protennsed by addition of 4 vols ethanol After standing overnight at 4° C and 
centrifuging, 0 2 ml ahquots of the supernatant Avere analysed for total free 
a min o acid and peptide content by the quantitative mnhydnn method of Troll 
and Cannan (1953) usmg a standard leucine curve 

Piotem analysis 

Duphcate ahquots of corresponding non-irradiated and X-irradiated media 
Avere analysed for total protein content according to the biuret method of Gomall, 
Bardainll and David (1949) 

Assay of materials 

Hexohmase Avas used m the crystalline form supphed by General Biochemicals 
Inc , Chagrin Falls, Ohio, and was assayed (a) by hexose disappearance according 
to Somogyi (1952) and (6) by measurement of acid labile phosphorus disappearance 
according to Crane and Sols (1955) Preparations were found to have an activity 
of approximately 150 units per mg 

Cytochrome-c was used as a 1 per cent solution m isotonic saline as supphed by 
General Biochemicals Inc and Avas found to contain 5 87 x 10~ 7 moles per ml 
Allien assayed according to Umbreit, Burns and Stauffer (1957) 

AMP and ADP Avere used as supphed by General Biochemicals Inc and by 
the H M Chemical Co of Los Angeles, California, respectively 

DPN was obtained from General Biochemicals Inc and was assayed 85 per 
cent pure by a modification of the dithiomte reduction method of Brodie (1955) 
using 0 2 m phosphate buffer instead of 0 1 m 

All other substrates and chemicals aa ere of Analytical Reagent grade, and aa here 
necessary aa ere neutralised to pH 7 4 AA itli potassium hydroxide before use 

RESULTS 

(1) Aerobic glycolysis of Ehrlich ascites cells in ascites jdasma incubated mlh mouse 
antero-lateral abdominal nail 

The aerobic gh colysis of Elirhch ascites cells Aias compared in 6 corresponding 
batches of ascites plasma incubated Anth abdominal AAall tissue from healthy mice 
(a) non-irradiated and (6) 1000 roentgen X-irradiated before incubation “ 
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The results in Table I show that the glycolysis was on an average 16 per cent 
lower m the X-irradiated medium 


Table I — Aerobic Glycolysis of Ehrlich Ascites Cells in Ascites Plasma Incubated 
unlh Tissue, (a) Not Irradiated and (b) 1000 Roentgen X-Irradmted before 
Incubation 


Glycolysis Q°* 


Batch No 

t 

Not irradiated 

i 

X irradiated 

Percentage 

difference 

1 

39 5 

36 G 

-7 3 


30 2 

31 6 

+ 4 G 

2 

3G 6 

27 9 

-23 8 


41 4 

20 2 

-51 2 

3 

23 0 

21 5 

-5 8 


24 8 

22 2 

-10 5 

4 

31 1 

24 8 

-12 7 


28 0 

24 3 

-15 0 

5 

31 8 

30 3 

-4 7 


38 G 

27 5 

-28 7 

6 

31 8 

20 1 

-17 9 


31 0 

27 G 

-11 0 

Average 

32 4 + 4 4* 

2G 7 + 3 5 

-(15 3+10 1) 


* Average deviation from mean 


(2) Oxygen uptake of Ehhch ascites cells in ascites plasma incubated with mouse 
antero-lateral abdominal wall 

The oxygen uptake of Ehrlich ascites cells was compared in 5 corresponding 
batches of ascites plasma incubated with abdominal wall tissue from healthy mice 
(a) non-irradiated and (b) 1000 roentgen X-irradiated before incubation 

The results in Table II show that the oxygen uptake was on an average 43 per 
cent higher m the media X-irradiated with tissue before incubation 


Table II — Oxygen Uptake of Ehihch Ascites Cells m Ascites Plasma Incubated 
with Tissue (a) Not Eradiated and (b) 1000 Roentogen X-madiated befoie 
Incubation 


Batch No 
1 

2 

3 

4 

5 


Oxygen uptake Qo s 

A 

Percentage 

difference 

Not irradiated 

X irradiated 

2 01 

4 55 

+ 126 3 

3 03 

6 04 

+ 99 3 

6 57 

7 26 

+ 10 5 

4 78 

5 77 

+ 20 7 

6 07 

8 10 

+ 33 4 

5 38 

7 53 

+ 40 0 

5 54 

G 68 

+ 20 6 

6 70 

8 92 

+ 33 1 

5 84 

7 32 

+ 25 4 

6 25 

7 63 

+ 22 1 

5 22+1 17* 

6 98+0 98 

+ (43 1 + 27 8) 


Average 


* Average deviation from mean 
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(3) Aerobic glycolysis of Ehrlich ascites cells m ascites plasma incubated with antero- 
lateral abdominal wall from tumour-bearing mice 

For these experiments the antero -lateral abdominal wall was removed from 
mice bearing a 10-day Ehrlich ascites tumour Any small areas of sohd tumour 
formation were carefully removed and maeroscopically the tissue appeared normal 
Incubation with ascites plasma was earned out as described for antero-lateral 
abdominal wall from healthy mice 

The aerobic glycolysis of Ehrlich ascites cells was then compared m 3 batches 
of ascites plasma incubated with the tissue {a) non -irradiated and ( b ) 1000 roentgen 
X-irradiated before mcubation 

The results m Table III show that the glycolysis was on an average very 
shghtly lower m the X-irradiated medium than m the corresponding non-irradiated 
control 

Table IIT — Aerobic Glycolysis of Ehrlich Ascites Cells m Ascites Plasma Incubated 
with Antero-lateral Abdominal Wall from Tumour-bearing Mice (a) Not Irra- 
diated and (b) 1000 Roentgen X-irradiated before Incubation 


Glycolysis Q°* 


Batch No 

, A- 

r 

Not irradiated 

- \ 
X irradiated 

Percentage 

difference 

1 

33 2 

29 2 

-12 0 


38 1 

37 1 

-2 G 

2 

32 8 

33 5 

+ 2 1 

3 

35 2 

33 8 

-4 0 


35 0 

35 2 

+ 0 6 

Average 

34 9±I 6* 

33 8±1 9 

-(3 3±2 8) 


* Average deviation from mean 


(4) Oxygen uptake of Ehrlich ascites cells m ascites plasma incubated with antero- 

lateral abdominal wall from turnout -beat ing mice 

Antero-lateral abdominal wall was removed from nuce bearing a 10-daj r 
Ehrlich ascites tumour, and was incubated with ascites plasma as above 

The oxygen uptake of Ehrlich ascites cells was then compared m 2 batches of 
ascites plasma incubated -with the tissue (a) non-irradiated and (b) 1000 roentgen 
X-irradiated before incubation 

The results m Table IV show that the oxygen uptake was on an average 50 per 
cent higher m the medium meubated with tissue after X-irradiation The magni- 
tude of the effect decreased with storage time of the media before use, indicating 
lability of the factor(s) responsible 

(5) Oxygen uptake of Ehrlich ascites cells in ascites plasma deproteimsed after incu- 

bation tilth mouse ant ei o -lateral abdominal wall 

Ehrlich ascites plasma fortified with potassium succinate was incubated with 
healthy mouse antero-lateral abdominal wall (a) without radiation and {b) wntli 
1000 roentgen X-irradiation before incubation The media were subsequently 
deproteimsed 

The oxygen uptake of Ehrlich ascites cells was then compared m 4 correspond- 
ing batches of medium prepared with and without radiation 
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Table IV — Oxygen Uptake of Eln hch Ascites Cells in Ascites Plasma Incubated 
with Ante) o-latei al Abdominal Wall from Tumour-bearing Mice (a) Not Irra- 
diate d and, (b) 1000 Roentgen X-m adiatcd Before Incubation 


Batch No 
1 


Oxygen uptake Qo, Storage timef 

A , Percentage after incubation 

Not irradiated X-irradiated difforonco (days) 

3 96 6 68 +41 0 6 


2 


3 00 7 80 +160 0 

4 72 4 91 +4 0 

6 39 0 21 +17 0 


3 

8 

10 


Average 


4 27 + 0 79* 6 13 + 0 88 


+ (60 5 + 9 6) 


* Average deviation from mean 
t Media were stored at —30° C before experiment 


The results m Table V show that the oxygen uptake was on an average 32 per 
cent higher m the medium incubated with tissue after X-irradiation 


Table V — Oxygen uptake of Ehrlich Ascites Cells m Ascites Plasma Deprotemised 
After Incubation with Mouse Antero-latei al Abdominal Wall (a) Not h radiated 
and (b) 1000 Roentgen X-irradiated befoie Incubation 


Oxygen uptake Qo, 


Batch No 

< 

Not irradiated 

X irradiated 

Percentage 

difference 

1 

9 00 

10 93 

+ 21 5 

2 

4 15 

5 78 

+ 39 2 


5 15 

6 85 

+ 33 0 

3 

7 06 

11 10 

+ 57 5 


7 65 

9 90 

+ 29 6 

4 

9 83 

11 82 

+ 20 4 


8 86 

10 64 

+20 2 

Average 

7 38+1 66* 

9 57 + 1 86 

+ {31 6+9 9) 


* Average deviation from mean 


(6) Oxygen uptake of Ehrlich ascites cells m Ringer bicarbonate solution incubated 

with mouse antero -lateral abdominal wall 

In these experiments Ringer bicarbonate fortified with potassium succinate 
(solution ( b )) was incubated with healthy mouse antero-lateral abdominal wall (a) 
without radiation and (6) with 1000 roentgen X-irradiation before incubation 
The oxygen uptake of Ehrlich ascites cells was then compared m 4 correspond- 
ing batches of medium prepared with and without radiation 

The results m Table VI show that the oxygen uptake was on an average 14 
per cent higher m the medium incubated with tissue after X-irradiation 

(7) Oxygen uptake of Ehrlich ascites cells m ascites plasma deprotemised after 3 hours 

incubation at 37° C without tissue 

Batches of succinate fortified Ehrlich ascites plasma were divided into two 
portions, one of which was given 1000 roentgen X-irradiation Both samples were 
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Table VI — Oxygen Uptake of Ehrlich Ascites Cells in Ringer Bicarbonate Solution 
Incubated with Mouse Antei o-Jateral Abdominal Wall (a) Not Irradiated and 
(b) 1000 Roentgen X -irradiated before Incubation 


Oxygen uptake Qo a 


Batch No 

r 

Not irradiated 

X- irradiated 

1 

11 89 

12 41 

2 

6 92 

8 72 

3 

9 33 

10 62 


9 16 

10 02 


Percentage 
difference 
+ 4 4 

+ 26 I 

+ 13 8 
+ 9 4 


4 


6 96 7 90 +13 6 

7 02 8 34 +18 8 


Average 


8 66+1 68* 9 67 + 1 36 


+ (14 3 + 6 4) 


* Average deviation from mean 


incubated 3 hours at 37° C under 0 2 /C0 2 gas mixture and subsequently depro- 
teimsed 

The oxygen uptake of Ehrlich ascites cells was compared m 4 corresponding 
batches of the deproteunsed fluid prepared with and without radiation 

The results m Table VII show that the oxygen uptake was almost identical m 
corresponding non-irradiated and X -irradiated media 


Table VH — Oxygen Uptake of Ehrlich Ascites Cells m Ascites Plasma Deprotem- 
ised after 3 hours’ Incubation at 37° C Without Tissue (a) Not Irradiated and 
(b) 1000 Roentgen X-irradiated before Incubation 



Oxygen uptake Qo, 

A 

Percentage 

difference 

Batch No 

f 

Not irradiated 

X-irradiated 

1 

9 10 

9 72 

+ 6 8 

2 

8 66 

8 72 

+ 0 8 


11 20 

11 05 

-1 3 

3 

9 78 

9 64 

-1 4 


8 96 

8 50 

-5 0 

4 

9 30 

9 10 

-2 1 


7 10 

7 05 

-0 7 

Average 

9 16 + 0 80* 

9 11+0 88 

-(0 4 + 2 2) 


* Average deviation from mean 


(S) Oxygen uptake of Ehrlich ascites cells in phosphate buffered media incubated with 
mouse anterolateral abdominal wall 

Tliree distinct series of experiments were carried out using phosphate buffered 
media 

(1) Phosphate buffered medium containing excess glucose (solution (d)) was 
incubated with healthy mouse antero-lateral abdominal wall (a) without radiation 
and (6) with 1000 roentgen X-irradiation before incubation The oxygen uptake 
of Ehrlich ascites cells was then compared m the media prepared with and without 
radiation 
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(2) As above, except that 0 6 ml of 0 3 M potassium succinate was added to 
each 70 ml of phosphate buffered medium (d) either before or after incubation 
with mouse tissue 

(3) As above, except that Rmger phosphate-succinate medium (c), 1 e con- 
taining no glucose, was used for incubation with the mouse tissue 

Oxygen uptake of ascites cells was measured m triplicate m each batch of 
corresponding non-irradiated and X-irradiated media Experiments were con- 
ducted at 37° C over periods of 40 minutes, during which time respiration re- 
mained undimuushed The gas phase was pure oxygen 

Table VIII shows that m phosphate buffer with glucose as substrate, the oxygen 
uptake of ascites cells was on an average 14 7 per cent lower m the medium 
incubated with tissue after X-irrachation In phosphate buffer containing glucose 
and succinate as substrates, the effect was less pronounced noth 4 4 per cent 
average lowermg of oxygen uptake m the X-irradiated medium Only 1 per cent 
average lowermg was observed m phosphate medium with no glucose but succinate 
added prior to incubation 


Table VTO — Oxygen Uptake of Ehrhcli Ascites Cells m Phosphate Buffered Media 
Incubated with Mouse Antei o-lateral Abdominal Wall (a) Not Irradiated and 
(b) 1000 Roentgen X-irradiated before Incubation 


Medium and 
substrate 

Phosphate buffered 
medium ( d ) (glucose) 
Phosphate buffered 
medium (d) (glucose 
+ succinate) 

Rmger phosphate me 
chum (c) (succinate) 


No of No of Oxygon uptake Q 0 , 

corresponding expen r A , 

batches monts Not irradiated X irradiated 

2 6 4 71±0 31 4 02±0 23* 

3 9 6 62±0 31 6 38±0 27 


3 9 10 08±0 42 9 99±0 40 

* Average deviation from mean 


Percentage 
difference 
-(14 7±0 8) 

-(4 4±0 3) 


-(1 0±0 8) 


(9) Oxygen uptake of Ehrlich ascites cells in Ringer phosphate solution incubated for 
various times with mouse antero-latei al abdominal wall 

The Q 0j of Ehrlich ascites cells was measured m succmate-fortified Rmger 
phosphate solution (c) which had been incubated with healthy mouse antero- 
lateral abdominal wall for varying times 

The results in Table IX show that, within the hunts of experimental accuracy, 
the Q 0i values of ascites cells were identical in media incubated between 1-5 hours 
with mouse tissue 


( 10 ) Oxygen uptake of Ehrlich ascites cell mitochondria m phosphate buffered medium, 
incubated with mouse anter o-lateral abdominal wall 
The oxygen uptake of Ehrlich ascites cell mitochondria was compared in 7 
corresponding batches of phosphate buffered medium incubated with healthy 
mouse tissue (a) without radiation and (b) with 1000 roentgen X-irradiation 
before incubation Media were triturated to pH 7 5 with KOH after incubation 
Mitochondria showed a negligible endogenous oxygen uptake m phosphate 
buffered medium which had not been incubated with mouse antero-lateral abdo- 
minal wall and to which no citric acid cycle substrates had been added However 
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Table IX — Oxygen Uptake of Ehrlich Ascites Cells m Ringei Phosphate Solution 
Incubated for 1-8 hours with Mouse Ante? o-lateral Abdominal Wall No 
Eradiation 

Percentage 

Time of mcubation Oxygen uptake Average increase above 


(hours) 

0 

(Control) 

Qo, 

7 1 1 

7 4 j 

Qo, 

1- 7 3 

control 

1 

7 7 1 

8 1 J 

f. 7 9 

8 2 

2 

7 9 

7 9 

8 2 

3 

7 6 1 

8 2 j 

^ 7 9 

S 2 

5 

7 9 1 

7 8 J 

[• 7 9 

8 2 

8 

8 2 1 

8 8 J 

[■ 8 5 

16 5 


the mitochondria showed considerable oxygen uptake m the same medium after 
mcubation with mouse tissue This was apparently due to liberation of oxidisable 
substrates, from the tissue mto the medium during mcubation 

The results m Table X show that the oxygen uptake of Ehrlich ascites mito- 
chondria was on an average 20 per cent lower m the medium mcubated with tissue 
after irradiation, than m the control mcubation medium prepared without 
irradiation 

As an additional part of each experiment the biochemical mtactness of the 
mitochondria was checked by measuring their oxygen uptake m phosphate buf- 
fered medium fortified with 0 01 M potassium succmate as substrate (cf Haivtrey 
and Silk, 1960) Batches showing Q 0j values m the range 85-130 were used for 
experiment 


Table X — Oxygen Uptake of Ehihch Ascites Cell Mitochondria in Phosphate 
Buffered Medium Incubated with Mouse Antero-latcral Abdominal Wall (a) Not 
Irradiated and (b) 1000 Roentgen X-irradiated before Incubation 


Batch No 

1 

2 

3 

4 

5 
G 


Oxygon uptake Q 0j 






1 

Percentage 

Not irradiated 

X irradiated 

difference 

62 

7 

52 

8 

i- -12 9 


- 

56 

4 J 

100 

1 

81 

0 

j. -17 0 

93 

0 

79 

3 J 

38 

7 

30 

8 1 

\ ~ 17 7 

38 

6 

32 

8 j 

41 

47 

9 

5 

34 

32 

1 1 

7 J 

[■ —25 3 

70 

5 

56 

8 1 

-30 9 

9G 

2 

58 

4 J 

94 

9 

80 

5 1 

[■ -11 0 

77 

6 

71 

7 J 

76 

1 

58 

2 I 

[■ -29 0 

72 

0 

47 

° J 

70 0+18 5* 

55 2+14 4 

-(20 5 + 6 7 


* A\ era go doMntion from mean 


A'\ ernge 
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(11) PjO ratio of Ehrlich Ascites cell mitochondria m phosphate buffered medium 
incubated with mouse antero-lateral abdominal wall 
As part of the experiments to measure 0 2 uptake of Ehrhch ascites cel] mito- 
chondria, the P jO ratios of these particulates were determined m 7 corresponding 
batches of phosphate buffered medium incubated with healthy mouse tissue (a) 
without radiation and (6) with 1000 roentgen X-irradiation before incubation 
The results in Table XI show that the P[0 ratio was on an average 16 per cent 
lower m the medium incubated with tissue after X-irradiation Since no citnc 
acid cycle metabolites were added at any stage m the experiments, the P jO ratios 
shown are those of the substiate(s) liberated from the mouse tissue into the phos- 
phate buffered medium during incubation 


Table XI — PjO Ratio of Ehrlich Ascites Cell Mitochondria m Phosphate Buffered 
Medium Incubated with Mouse Antero-lateial Abdominal Wall (a) Not Irradi- 
ated and (b) 1000 Roentgen X-n radiated before Incubation 


PjO ratio 


Batch No 

I 

. -- - A_ 

r 

Not irradiated 

1 10 

, 

X irradiated 

1 11 

0 97 

Percentage 

difference 

j- -10 4 

2 

1 13 

1 14 

1 09 

1 01 

1* ~ 81 

3 

1 14 

1 11 

1 10 

0 97 j 

-8 0 

4 

1 24 

1 08 

0 84 

0 87 J 

f. -26 7 

5 

1 29 

1 15 

0 94 1 

1 01 J 

[• -20 5 

6 

0 91 

0 84 1 

0 77 J 

-12 0 

7 

0 08 

1 14 

0 85 1 

0 71 J 

!- -26 4 

Average 

1 12±0 07* 

0 93±0 10 

-(16 0±7 3) 


* Average deviation from mean 


(12) Effect of radiation on the protein and amino acid analysis of media after incu- 
bation with mouse antero-lateral abdominal wall 
Table XU shows the total protein content, and the content of free ammo aoids 
and peptides present m corresponding batches of various media incubated with 
mouse tissue In all cases the incubation medium prepared after X-irradiation 
showed a lower protein content and a higher free ammo acid and peptide content 
than the corresponding non-irradiated medium 


DISCUSSION 

Previous work (Silk, Hawtrey and Macintosh, 1968) showed that irradiation 
of the normal tumour-bed and stroma cells of a neoplasm, might “ indirectly ” 
affect the respiratory metabolism of non-irradiated malignant cells The “ in- 
direct ” effect was considered due to radiation mduced substances from the normal 
cells reaching the malignant cells via the common environment of peripheral lymph 
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For the present investigation, mouse anterolateral abdominal wall tissue has 
been selected to represent part of the normal tumour-bed and stroma of the 
Enrhch ascites tumour Various physiological media have been incubated with 
this tissue to provide the environmental fluids through which X-irradiation has 
been found to influence the respirator}’- metabolism of non-irradiated ascites cells 
and mitochondria 

In bicaibonate buffered media, intact ascites cells showed slightly lower 
aerobic glycolysis (Tables I and III) but markedly higher oxygen uptake (Tables 
II, IV, V and VI) m the X-irradiated medium than m the corresponding non- 
lrradiated control No elevation of cell respiration was observed m the case of 
ascites plasma deproteimsed after X-irradiation and incubation m the absence of 
mouse tissue (Table VII) 

In phosphate buffered media, the oxygen uptake of ascites cells was lower m 
the medium prepared with X-irradiation prior to incubation (Table VIII) The 
effect is therefore opposite to that found in bicarbonate buffered media A similar 
inversion of effect was observed in previous work (Silk, Hawtrey and Macintosh, 
1958) and may be due to competition between respiratory and glycolytic processes 
for the low amount of inorganic phosphate usually available m physiological 
bicarbonate media (cf Kvamme, 1958) 

The respiration and PjO ratio of ascites cells mitochondria were also found to 
be depressed m the phosphate buffered medium incubated with mouse tissue after 
X-irradiation (Tables X and XI) The effect therefore parallels that observed for 
mtact cells m phosphate media, but is again opposite to that observed for whole 
cells in bicarbonate buffered media 

Due to protein radiolysis, the X-irradiated incubation medium has, m each 
case, a lower protein content but a higher free ammo acid and peptide content 
than the corresponding non-irradiated medium (Table XII) This holds for X- 
lrradiated and non-irradiated ascites plasma incubated in the absence of mouse 
tissue, yet the oxygen uptake of ascites cells was not different m the two media 
(Table VII) Thus radiolysis of the environmental medium itself would not account 
for the observed effects on respiratory metabolism 

The media incubated with mouse abdominal wall contain respiratory substrates 
liberated by the tissue Tins is evidenced by the high Q 0j of mitochondria m 
phosphate buffered media incubated without added substrates such as succinate 
(Table X) and by the fact that ascites cells show a higher Q 0j m Ringer phosphate- 
succinate solution incubated with mouse tissue, than m the same medium without 
incubation (Table IX) The amount of substrates liberated from the tissue during 
incubation times of 1-5 hours was adequate to maintain the respiration rate of 
ascites cells at a consistent level above the control value (Table IX) 

A mere difference m quantity of liberated substrates would not however 
account for the difference in rates of oxygen uptake shown by ascites cells and 
mitochondria m corresponding batches of non-irradiated and X-irradiated media 
It would therefore seem that the X-irradiated medium contams m addition some 
radiation induced factor(s) capable of affecting the rate of oxygen consumption 
Table VI 1 1 shows that liberation of these factors may depend upon the presence 
of glucose m the medium mcu bated with mouse tissue 

Bemheim, Barber, Ottolenghi and Wilbur (1958) found that certain tissues 
with no natural anti-oxidants form peroxides on aerobic mcubation, whereas other 
tissues do this if the natural anti-oxidant is destroyed by radiation Shuster 
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(1955) showed that methyl hnoleate and lmolenate hydroperoxides inhibit the 
oxygen uptake of Ehrlich ascites cells m Ringer phosphate solution and inhibit 
their glycolysis in Ringer bicarbonate solution Such penoxides also inhibit the 
oxidising enzymes in hver mitochondria (Ottolenghi, Bemheim and Wilbur, 1955) 
Our findings concerning the radiation effect on glycolysis m bicarbonate media 
(Tables I and HI) and on oxygen uptake in phosphate media (Tables VIII and X) 
are therefore compatible with the presence of peroxides m the X-irradiated medium 
The elevation of oxygen uptake observed m bicarbonate buffered X-irradiated 
medium (Tables II, IV, V and VI) does not however appear to be compatible with 
the known effects of peroxides on respiration The X-irradiated media were 
examined for organic hydroperoxides using both iodide and titanous sulphate re- 
agents (Scholes, Weiss and Wheeler, 1956) but none were found present Spec- 
troscopic exammation of corresponding non-irradiated and X-irradiated media 
revealed no qualitative difference m pattern m the region 200-1800 m/t 

It may thus be concluded that the environmental fluid incubated with an 
irradiated normal tissue representing the tumour-bed of a neoplasm, contains 
substances which affect the respiratory metabohsm of non-irradiated malignant 
cells The factors responsible for tins “ indirect ” effect are at present unknown, 
but do not result from radiolysis of the environmental fluid itself and must there- 
fore originate from metabohsm of the tissue irradiated in contact -with this fluid 


SUMMARY 

1 Various proteinaceous and non-proteinaceous physiological media were 
incubated 3 hours at 37° C with mouse antero-lateral abdominal wall tissue (a) 
without radiation and (6) with 1000 roentgen X-radiation of the medium plus 
tissue prior to incubation 

2 The repiratory and glycolytic metabohsm of Ehrlich ascites cells and mito- 
chondria was then compared m corresponding batches of media prepared with and 
without radiation In some experiments oxidisable substrates were added to the 
media, while m others substrates liberated from the mouse abdominal wall tissue 
served to maintain respiration of the added ascites cells or mitochondria 

3 With bicarbonate buffermg, intact ascites cells showed lower aerobic glyco- 
lysis and markedly elevated oxygen uptake m the X-irradiated medium 

4 With phosphate buffermg the opposite effect was observed Both intact 
ascites cells and mitochondria showed lower oxygen uptake in the X-irradiated 
medium Mitochondria showed lower PjO ratios in the X-irradiated medium than 
m the corresponding non-irradiated control 

5 Since neither the cells nor the mitochondria were directly radiated, the 
results demonstrate an “ indirect ” effect of X-radiation on respiratory metabolism 
The effect operates via the environmental medium irradiated m contact with a 
tissue selected to represent the normal tumour-bed and stroma of the Ehrlich 
tumour 

0 The indirect effect does not seem due to radiolysis of the environmental 
medium itself, nor do organic hydroperoxides appear to be responsible It is 
suggested that metabolic products from the irradiated tissue are liberated into 
the medium, and that these influence the respiration rate of added Ehrlich ascites 
cells and mitochondria 
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This work has formed part of the research being undertaken m terms of a 
Senior Fellowship awarded to one of us (M H S ) by the National Cancer Asso- 
ciation of South Africa 
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Recent technical advances in chromosome cytology have confirmed the exist- 
ence of a high degree of constancy in mammalian somatic tissues (Ford, Hamerton 
and Mole, 1958 , Tjio and Puck, 1958) and have served to throw into sharp relief 
the diversity of chromosome number that has been reported in malignant tumours 
(Levan, 1956a , Isrng and Levan, 1957 , Manna, 1957 , Klein, 1959 , Makmo, 
Ishihara and Tonomura, 1959 , Richards and Atkin, 1960) The association 
of certain congenital abnormahties m man with loss or duplication of smgle chro- 
mosomes (Ford, Jones, Polam, de Almeida and Briggs, 1959 , Jacobs and Strong, 
1959 , Lejeune, Gautier and Turpin, 1959) further demonstrates that profound 
developmental disturbances may result from such changes This could be inferred 
from studies on loiver animals and plants, but is only now susceptible of direct 
investigation m man On the other hand, though some mammahan tumours 
have an apparently normal chromosome complement (Klein, 1959), the great 
majority of those for winch rehable counts are available present differences in 
chromosome number from the normal, and from each other, which extend over a 
wide range Structural chromosomal changes, also, are common Relatively 
little is known however about human tumours as distinct from experimental 
ammal tumours In the face of the great variation which appears to occur, it is 
obvious that only by studying a large number of cases can any general pattern 
be expected to emerge Only then may it be possible to discover "whether or not 
a correlation exists between the chromosomal changes and the characteristics of 
the tumour, such as its degree of autonomy, its tendency to invade or metasta- 
size, its degree of differentiation, or tendency to metaplasia, or its sensitivity to 
ionizing radiations 

Studies on “ ascites ” tumours of rodents indicate that each tumour strain 
maintains, witlim hmits, a degree of constancy, and has a modal chromosome 
number which may not change for many transplant generations , how e\ er the 
fact that changes may occur suggests that they may be a factor in the “ pro- 
gression ” of tumours towards greater malignancy, or more specifically towards 
adaptation to changing environmental conditions Unfortunately, relatively 
little is known about the chromosomes of primary (untransplanted) tumours, 
even m experimental animals Perhaps the most urgent and intriguing problem 
is the relation of chromosomal change to the inception of the neoplastic process 
ne ' erthcless much may be learnt from the study of fully-developed tumours’ 
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especially in man, where the findings may have a direct relevance to the clinical 
management of the condition 

Several complementary approaches are often necessary m the attack on any 
single problem or group of problems tissue-culture techniques, which have proved 
so useful m the study of the chromosomes of normal cells (Tjio and Levan, 1956 , 
Tjio and Puck, 1958} and of marrow cells m leukaemias (Ford, Jacobs and Lajtha, 
1958 , Baikie, Brown, Jacobs and Milne, 1959), will no doubt be increasingly 
applied to the study of mahgnant disease, and much may be learnt Apart from 
purely technical difficulties, however, the altered conditions m tissue-culture and 
the possibility thereby of the selection of certain cell-types from a mixed popu- 
lation may make it difficult to relate the findings to the state of the tumour before 
its removal from the body In a previous paper (Atkin and Richards, 1956), we 
have discussed the application of microspectrophotometry to the study of human 
tumours from an estimate of the amount of Feulgen stain, and hence of deoxy- 
ribonucleic acid (DNA), m the individual cells of a tumour, data can be obtained 
that give a measure of its chromosome complement In a preliminary survey of 
normal tissues and malignant tumours from various sites, we were able to demon- 
strate that, while normal cells showed little variation from the diploid value, the 
interphase cells m the tumour specimens tended to show a greater range of DNA 
values, partly due to the presence of cells synthesizing DNA and partly to aneu- 
ploidy and polyploidy Nevertheless the majority of cells were grouped around a 
modal value which varied in different tumours but m most cases was close to 
either the diploid or tetraploid level Since the near-diploid tumours frequently 
had modes which were in fact a little above diploid, it was apparent that by this 
criterion (i e the modal DNA value) the majority of tumours differed from the 
normal In a further study based on 14 cases m which we were able to compare 
directly DNA content and chromosome number for the same tumour (Richards 
and Atkin, 1960), it was found that the two sets of values were on the whole m 
agreement, although m several cases the modal DNA content was higher than 
would be expected if the ratio of DNA content to chromosome number winch we 
had previously found for normal tissues still held The ratio of DNA to chromo- 
some number exceeded the normal value on an average by 14 per cent, with a 
range of —6 per cent to +47 per cent 

In this paper are reported the data obtained by microspectrophotometry of 
Feulgen stam m a senes of utenne caicmomata, which will be considered with 
special reference to their clinical and histopathological features , m a parallel 
paper (Richards and Atkin, 1959) the changes in DNA pattern that have been 
observed m some of these tumours dunng and following radiotherapy (including 
some radioresistant cases) are descnbed 

MATERIALS AND METHODS 

(a) Carcinoma of the ceimx uten — Of 132 cases, biopsy matenal was obtained 
before treatment from 124, while from the remaining 8 cases specimens of local 
recurrences folio wmg radiotherapy only were measured From 3 of the 124 cases 
measurements were obtained both from the tumour before treatment and from 
local recurrences which subsequently developed following radiotherapy Thus the 
total number of locally recurrent tumours that were measured is 11 

(b) Carcinoma of the corpus uteri — Measurements were obtained from 33 cases, 
of which 30 had not previously received treatment 
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All the material was obtained under general anaesthesia in the operating 
theatre , m the untreated cervix cases, biopsies were usually taken immediately 
before the first Stockholm insertion Part of the material was retained for cyto- 
logical studies, including, m suitable cases, chromosome counts , from the 
remainder, smears were prepared for subsequent measurement of Feulgen stain 
as previously described (Atkin and Richards, 1956) At the same time, material 
was sent for routme histological examination Although there may be relatively' 
few late-stage cases, it is probable that the 124 cervix cases approximate to an 
unselected series, since biopsies were performed at this hospital on almost every 
case referred for treatment, including a number of Stage III and IV cases referred 
for palliative radiotherapy A few cases (under 5 per cent of the total number) 
have been excluded from this senes because of scarcity or absence of tumour cells 
m the biopsy matenal 

In collating our results, denved as before from the measurement of the amount 
of stam m a random sample of mterphase cells, we have been concerned with (a ) 
the modal DNA value and ( b ) the vanation within each sample (a) The modal 
DNA value — In order to obtain a numencal value for the DNA mode, the follow - 
ing procedure has been adopted the average value in arbitrary' units of cells 
that fall within about 15 per cent of the mode is calculated the data are plotted 
in the form of a frequency histogram with classes having a spread of about 
per cent, and the 3 adjacent classes with the greatest number of cells are usually 
averaged This value is then adjusted to that of the mean of the leucocytes and/or 
fibroblasts present in the specimen, which are given an arbitrary' value of 100 
units this wall be referred to as the basic DNA value Since measurements on 
normal epithelial tissues, including cervical epithelium and endometrium (Atkm 
and Richards, 1956), have consistently been found to have modal DNA values 
about 10 per cent greater than the mean value of the leucocytes and other cells 
of mesothehal origin, it seems that the modal DNA value of epithelial tumours, 
calculated as explained above, should be related to a normal diploid value of 110, 
rather than to 100 (b) The valuation in individual samples — Histograms of the 

DNA values of a number of individual uterine tumours have been given elseuheie 
(Atkm and Richards, 1956 , Richaids and Atkin, 1959) In this paper we shall 
confine ourselves to some general observations on the degree of spread of DNA 
walues m the tumour samples 


RESULTS 

We will first consider the data denved from the tumour samples obtained 
befoie treatment 

(a) The basic DNA values — Excluding 2 cervical carcinomata, which are of 
special interest and will be considered later, all the tumour samples presented a 
clear mode Fig 1 shows the pnncipal modal, or “ basic ”, DNA value, calculated 
as described m the previous section, of 122 out of the 124 untreated cervical 
tumours, and of all the untreated corpus tumours It wall be seen that the cervical 
tumours fall into 2 distinct groups Taking the value 150 as the upper limit of 
the lower group, there are 56 cases in the lower group and 66 in the upper Further- 
more it can be seen that when the loganthm of the modal DNA \alue is plotted, 
as m Fig 1 each group presents an approximately normal distribution The lower 
group, w Inch w ill be referred to as the ‘ low er ploiilv group has a rather narrow er 
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distribution than the upper, with a coefficient of variation of 9 per cent, and a 
mean of 121 ± II It will be seen that this mean value is well above the mean 
leucocyte ( l ) value of 100, and about 10 per cent above the value (110) which, as 
already explained, we regard as the normal diploid epithelial value There are m 
fact only a few cases below 110 In contrast, the mean of the upper group (“ upper 
ploidy group ”) is close to the normal tetraploid epithehal value (220), the range 
is somewhat wider, and there are many hypotetraploid cases as well as some m 
the hexaploid region (mean = 223 i 43 , coefficient of variation = 20 per cent) 
Although the numbers are fewer, the corpus cases present differences from the 
cervix cases winch may be significant there are relatively fewer tetraploid tumours 
and none m the hypertetraploid-hexaploid region , on the other hand, there are 


l 21 41 



Fig 1 — Basic DNA value of 122 untreated cervical carcinomata (above), and 30 untreated corpus 

carcinomata (below) 


2 hypodiploid tumours The mean of the lower ploidy group of the corpus tumours 
(neglectmg the lowest value which is taken as bemg outside this range) is 118 ^ 13 
(coefficient of variation =11 per cent) 

The data are presented in tabular form m Table I In order to obtam an esti- 
mate of the number of tumours which fall close to the normal euploid levels, they 
have been classified according to whether they fall within P er cen ^ 

the normal diploid epithehal value (110) or of twice this value Seventy-two per 
cent of the cervical tumours fall within one or other of these limits 

(b) The degree of spread of DNA values m individual tumours — With a few 
exceptions, this is not very great in the majority of cases from 60-90 per cent 
of the cells fall within i 16 per cent of the mam mode There is usually a secondary 
mode at double the value of the mam mode The relative height of this secondary 
mode varies m different tumours, reflecting the number of cells that have com- 
pleted DNA synthesis prior to mitosis, or have achieved a doubling of the basic 
chromosome complement by abnormal mitosis, endomitosis or endoreduphcation 
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Taking the 2 principal modes together, we find that. m most cnsDs from 70 to ') 
per cent of (lie cells fill within -[ 17 pci cent of cilhei of these limits To obtain 
a more precise estimate of the degree of spiead. the lesults fiom the fust '17 con- 
secutive cervical eases weie aveiagcd, one case which had a wide spread being 
excluded 0't per cent of the cells fell withm ^Ifi per cent, of the mam mode and 
17 per cent within M3 pci (ent of the speondniv mode In comparison, 2 speci- 
mens of normal conical epithelium and 2 of normal endomelinim m the secretory 
phase showed 01-00 per cent of (he cells within these two limits primary mode, 
70-01) per cent M'condnrv mode 0 -17 per cent The degree of spread in the 
more umhflerenti ded tumours of the corpus uteu was similar to that m the cervix 
tumours but some of t lie well-differentiated corpus tumours showed less spread, 
the x nines falling within the lange for (he normal tissues just quoted In a few 
tumours which had a main mode m the tetiaploid region or above, there was a 
smaller mode at about half the value of the main mode , the possible significance 
of this finding will he discussed later The cells that fell outside the two main 
modal ranges onlv rarelv had values much below diploid In a few tumours, giant 
cells (io cells Inning values of fiom net opioid to .12-ploid or higher) vveic fanlv 
frequent 

It is nccessarv to consider to what extent variations in the DNA. of the cells, 
cither as regards the position of the basic mode or the degree of spread, may occur 
in different regions of the same tumour, and thciefoie to what extent a small 
sample of tissue is likelv to he representative of the whole Although some degiee 
of variation in am given ease cannot he excluded, the lather limited observations 
that haxe so far been made on samples from 2 or more regions of the same tumour 
have revealed no significant differences, except m the relative prominence of the 
prnnnrv and secondarv modes 

Having described the vanations m DNA content in a series of untreated 
uterine tumours, wc will try to assess the extent to which they can be related to 
the lnstopathological ami clinical featmes of the tumours 


Tahli I — ( jvtrcafcd Case** Classified Accoiding lo Basic DNA Value 

Lower ploidv group = up to 1 70 Upper ploidy group = over 136 Diploid 
group = 1 1 b i 1*7 per cent (04—1 20) Tctraploid group = 220 ± 15 per cent 

(187-233) 



Carcinoma 

Carcinoma 


of cor\ i\ 

of corpus 

fH\ podiploid 

0 

o 

Lower ploid\ gionp -(Diploid 

44 

10 

|^Hv]>ordiploid 

12 

3 


60 

24 

f Hypototraploid 

10 

1 

Upper ploid\ group < Totrnploid 

46 

6 

(_Hvportotmploid 

11 

0 


06 

6 

Wide range (diploid totraploid) 

2 

— 


124 

.30 
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Histopathology 

In Table II, the histological type of the tumours, classified as before according 
to the value of the basic DNA mode, is shown It will be seen that there is no 
correlation between the DNA level and the degree of differentiation of the squa- 
mous cell carcinomata of the cervix, but that all the well-differentiated tumours 
of the corpus are diploid or hypodiploid None of the adenocarcmomata or 
adenoacanthomata of the cervix, however, falls into the diploid or hypodiploid 
class Thus there appears to be a significant difference between the squamous 
cell carcinomata of the cervix, which are frequently near-diploid, and the adeno- 
carcinomata and adenoacanthomata, none of which has a near-diploid mode, 
although 2 of the adenoacanthomata have a wide range of values, including some 
m the diploid region Table II shows that there are 45 squamous cell tumours m 
the diploid group and 70 in the lugher-than-diploid groups, whereas the 17 tumours 
of the other two histological types are all above diploid or have no clear mode 
This difference is highly significant (p> = 0 00054) , the limits that we have taken 
for the “ diploid ” group are purely arbitrary, but if we narrow the diploid group 
to ±10 per cent or broaden it to ±20 pei cent, the differences are still significant 
(p — 0 0020 and 0 012 respectively) The adenoacanthomata of the corpus uteri, 
unlike those of the cervix, are all m the diploid class 

There does not appear to be any correlation between the gross pathological 
type of the cervical tumours and the basic DNA value Thus predominant^ 
exophytic tumours occured m both the diploid and tetraploid classes 


Clinical Featuies 

(a) Carcinoma of the cervix 

( 1 ) Age of patient — The age-distribution of the lo-wer and upper ploidy groups 
are compared m Fig 2 There are relatively more younger and older patients, as 
compared with those m the middle age-groups, in the upper ploidy group, espe- 


Table III — Carcinoma of the Get vix Age of Patient, at Time of Fust Treatment, 

Compared with the Basic DNA Valve 




Under 


Over 



45 years 

45-64 j ears 

64 years 

Lower ploidy group «j 

f Diploid 
[_ Hyperdiploid 

9 

2 

28 

6 

7 

4 

I 

P Hypototraploid 

4 

5 

1 

Upper ploidy group < 

Tetraploid 

16 

12 

18 

1 

[_ Hypertetraploid 

4 

4 

3 

Wide range (diploid tetraploid) 

0 

2 

0 



34 

67 

33 


cially above the age of 74 where there are 11 cases as compared with 1 in the lower 
group From Table III, it can be seen that there is a preponderance of cases m 
the middle age-groups (45-64 years) m the diploid class, but relatively fewer 
patients m these age-groups m the tetraploid class These differences are not 
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statistically significant, however, and would have to be confirmed by observations 
on further cases 



Fig 2 — Age distribution of 122 untreated cervical tumours above lower ploid 3 r group 

below upper ploidy group 


(u) Chmcal stage — There appears to be no correlation between the clinical 
stage and the basic DNA value (Table IV) 


Table IV — Clinical Stage of Cervical Carcinomata 




Clinical stage 

-A 



T~ 

n 

m 

~rv 

Lower ploidy group {syperiploid 

14 

2 

15 

5 

10 

4 

5 

1 


16 

20 

14 

6 


Total 

44 

12 

56 


fHypotetiaploid 1 2 

Upper ploidy group Tetraploid 19 12 

l^Hypertetraploid 3 5 


5 2 10 

8 6 45 

3—11 


23 19 16 8 66 


Wide range 


2 


2 


124 


(in) Response to treatment — The great majority of cases were treated by a 
radical course of radiotherapy either 3 radium insertions (modified Stockholm 
technique) or a smgle radium insertion supplemented by external irradiation with 
the 4 MeV linear accelerator A few cases, mostly advanced, received external 


nxA roxir.NT or iwitriNoMA or items 


7S1 


irradiation with the lmcnr accelerator 01 telecolialt unit onl\ 'J he a\eia^e 
duration of follow -up, excluding 32 ea^cs that June died, ik 1 1 <5 months, with a 
ranee of 0-52 months Of the 32 cum*** that have died, 11 were m the diploid class 
and 12 m the tctraploid Thun there appeals to he no correlation between the 
ONA \ alne and the survival rate, although most eases ha\e only been followed 
up for a short time If however we consider those eases that developed a local 
recurrence m the eervi\ or vault or vagina, or were found to have viable tumour 
tissue m the cervix at subsequent operation, performed at least 2* months after 
the first treatment, we find that onlv one out of 11 had a diploid mode (T'lg 3) 



Stjunmous cell 

Adenocarcinoma 

Adonnncnuthorm 



Fig 3 — Carcinoma of the cervix radioresistant tumour* Hio basic DNA valiio of tho un- 
treated tumours 11111011 subsequent!} recurred localh after rndiothcrnpv is shown (Blinded) 
abovo tho baseline , also, below the baseline nro indicated the measurements made on local 
recurrences The continuous oulhno indicates tho \ allies obtained for all the untreated 
tumours 


It was possible to obtain measurements on the local recurrences of 3 of these 
tumours, and of 8 further cases from which pre-treatment biopsies were not 
available The DNA values of these local recurrences are indicated below the 
base-line in Tig 3 Wien the data from these cases which showed a poor local 
response to radiotherapy are compared with the distribution of DNA values of 
all the untreated tumours (indicated by the continuous line in Fig 3), it can be 
seen that the former are more evenly distributed through the ploidy ranges, the 
majority being significantly greater than diploid The 2 adenoacanthomata that 
showed a wide spread of values before treatment (not indicated in Fig 3) gave 
nse to local recurrences both of which had modes m the triploid region histo- 
grams of these cases, including those derived from specimens obtained dunng 
the course of radiotherapy, are illustrated in the parallel paper (Richards and 
Atkin, 1959) Brief details of the cases that recurred locally are given below 
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Age Stage Degree of differon 



tiation (histology squamous 

Basic DNA 


cell care unless otherwise 

value 

Case 

stated) — treatment (St — 

before 

No 

Stockholm radium insertion) 

treatment 

32 

50 IV - Poor (adenoacanth 
oma) 1 St -f- DXR 

197 

46 

40 - I Poor (adenoacanth - 
oma) 3 St + DXR 

• — 

72 

59 - II - Poor (ndenoncanth- 
oma) 3 St + DXR 

Wide range 

78 

62 II Good 3 St + DXR 

— 

105 

72 - IV - Poor (adonocarci 
noma of cervical stump) 
Intracnv Ra + DXR 

211 

115 

58 - III - Poor Intracnv Ra 
(ovoids) -f- DXR 

157 

319 

51 - II - Poor 3 St 

— 

427 

45 ? - Good (adenocarci- 
noma) Total hysteroc 

tomy followed by DXR to 
whole pelvis (4000 r) 


480 

40 - II Poor 3 St 

133 


502 

66 - II - Poor (adenoacanth 
oma) 3 St 

347 

537 

47 - II - Poor (adenoacanth 
oma) 3 St 

Wide range 

548 

39-1 Poor 3 St 

' 

584 

43 - 1 Poor 3 St 

217 

585 

61 - III Poor Telecobalt 
(7000 r) 

117 

703 

45 I - Poor (areas of mod 
diffn ) 3 St 

228 

750 

73-11 Moderate 1 St + 
radical DXR to pelvis 

130 

824 

53 - II - Poor 4 MeV linear 
accelerator 

— 

825 

32 - 111 - Poor 4 MeV linear 
accelerator 

— 

833 

60 - m - Poor 4 MeV lrn 
ear accelerator 

— 


Subsequent history 

Basic DNA 

(figures indicate time m 

value of 

months after first 

local 

treatment) 

recurrence 

No response 3 died 

— 

8 local recurrence Further 
DXR (no response) 

344 

Tumour failed to regress 2\ 
laparotomy Died shortly 
afterwards 

161 

2 local recurrence Wert 
heim’s hysterectomy (died 
post operatively) 

200 

10 died , primary tumour still 
present 

~ 

3 local recurrence , Wert 
heim’s hysteroct 27 symp 
tom free 

— 

7 local recurrence , DXR 

139 


Died shortly after 

7 tumour present m vault of 127 
vagina , further DXR Sub 
soquontly died (tumour still 
present in vault) 

8 cervix vory hard (clinically — 

recurrent growth, but biopsy 
nogativo) , external irradia 

tion (4 MoV linear nccel ) 

15 deteriorating 

10 local recurrence , Ra needle 242 

implant — recurrence diBap 
pearod 16 mass m pelviB 

Failed to regress 2\- positive 168 

biopsy , DXR 8 , died 

5 local recurrence , Wert 107 

hoim’s h> sterect 13 recur 

rent nodule in vagina , treat 
xnent by 4 MeV linear occel 

4 local recurrence , Wert — 

heim’s liysterect 10 vault 
recurrence and secondaries 
in scar , palliative DXR 12 
deteriorating 

6 mass side wall of pelvis— — 

but cervix healed 10 local 
recurrence 


4 cervix still bulky , Wert 

— 

herm’s hysterect (tumour 
cells present in cervix) 

3 tumour still present in post 

— 

fornix 

10 recurrence in cervix 

208 

5 recurrence in cervix 

148 

30 recurrence m cervix 

277 


(b) Carcinoma of the corpus 

The age-distribution of the DNA classes for the 30 untreated cases is given m 
Table V Sixteen of these cases were treated by an intracavitary Co 60 source 
(Strickland, 1953), and their subsequent history is given in Table VI Owing to 
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the small number of ca^cs no deduction 1 ' can ho drawn from thc'-o figures, other 
than that both diploid and tctraploid cum**' ma\ show a satisfactory l espouse to 
this mode of treatment 

Details of the It eases which lmd ret mod prcMous tieatmcnl aie gncn below 
Case No 127 — Total b\ M erect oim in 1017, when aged 71, foi moderately well- 
ditferentiatcd columnar cell adenocarcinoma Eight \cnrs later, pohpoid mass in 
vault of vagma (histological appearance as liefoic), treated l)j mtruca\ ltnrv radium 
Anth good response Basic DNA \nlue 211b 

Case No 141 — Total liy.st erect oim followed by DXB topehisin 1033, adeno- 
acanthoma of moderate differentiation, aged f»0 Two a ears later A r ault 
recurrence (similar histology) , treated In mtracaA itary radium followed by total 
vaginectomy Died G months later secondaries m the abdomen , no tumour 
found in the pehis at post mortem Basic DNA Aalue 12 2 

Case No 4GS — Treated for carcinoma of the emlocerux in 1034 by Stockholm 
radium technique moderately aacII differentiated columnnr cell adenocarcinoma, 
then aged 7G In 1957, treated by total hysterectomy for ? recurrence ? neA\ 
primary m body of uterus columnar cell adenocarcinoma, largely anaplastic, 
AA r itn a few r areas of moderate differentiation — basic DNA A r alue 225 


DISCUSSION 

The distribution of the basic DNA Aralues of the cervical carcinomata (Fig 1) 
rong y suggests the presence of tw r o distinct populations , it is reasonable to 
ume hat the tumours in the higher group have undergone a doubling of their 
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chromosome complement at some stage of then- evolution The central tendency 
in both groups is clear, and indicates that there is an optimal region, deviations 
from which are progressively less hkely to occur in proportion to their magnitude 
The significance of the fact that the majority of tumours m the lower group are 
hyperdiploid rather than diploid as regards DNA content is not clear Data on 
stem-line chromosome counts collected by Ismg and Levan (1957) suggest that 
human tumours in general are quite frequently hyperdiploid, and less often 
hypo diploid Tins is supported by our own somewhat limited observations on the 
chromosome numbers of the uterine tumours m the present senes, counts m the 
range 4S-52 being commonly found (unpublished data) On the other hand. 
Manna (1957) has found that many human cervical tumours have chromosome 
modes in the hypodiploid region It is concluded that more critical chromosome 
counts are necessary before we can assess the extent to which tumours with near- 
diploid basic DNA values do in fact differ from the normal m their chromosome 
complement If our finding (Richards and Atkm, 1960) of an average of 14 per 
cent more DNA per chromosome in tumours than in normal tissues were true of 
cervical tumours in general, we should expect the distribution of modal chromo- 
some numbers of the near-diploid tumours to show a peak very close to the diploid 
number, and not m the hyperdiploid region However, our data, based on a small 
senes of cases m which it was possible to compare DNA content with chromosome 
number for the same tumour, probably do not justify such a conclusion mdeed 
they suggest that the discrepancy between DNA content and chromosome number 
is on the whole greater for the tumours with higher chromosome numbers, and 
minimal for the near-diploid group 

The tumours m the upper group show a distnbution that is centred on a value 
less than twice that of the lower group, and moreover have a rather wider range 
extending from the tnploid to the hexaploid or hypo-octoploid region Does this 
represent a similarly wide range of chromosome numbers ? Bader (1959), in the 
course of microspectrophotometnc measurements of DNA m a small senes of 
human ovarian carcinomata, found in one case a discrepancy between the cells 
in anaphase, which fell into the diploid range, and those m interphase, which had 
a mcde m the tetraploid region, and has suggested that tumours which are 
“ tetraploid ” as regards DNA content may not necessanly have a near-tetraploid 
chromosome number, smce “ a combination of diploid cells having doubled amounts 
of DNA and tetraploid cells having the tetraploid amount of DNA would result 
m a distortion of an mterphase frequency distribution relative to the anaphase 
frequency distribution ” We have already pomted out that some of our tumours, 
which have then mam mode in the tetraploid or hypertetraploid region, have m 
addition a smaller mode m the diploid-hyperdiploid region Cytological studies 
on aceto-orcem squash preparations (Atkm and Ross, unpublished) indicate that 
these particular tumours are usually characterized by a high incidence of endo- 
mitosis, as also may be those that have a basically hyperdiploid mode plus a 
pro min ent hypertetraploid secondary mode , furthermore, although the chromo- 
somes m these tumours are frequently crowded, sufficiently accurate counts have 
been possible to indicate that cells with near-diploid and near-tetraploid chromo- 
some complements can reach an apparently normal metaphase stage It is not 
known, however, whether the tetraploid cells can complete mitosis It may be, 
therefore, that the DNA mode is not representative of the chromosome number 
of the stem-lone m all cases , mdeed, if there are two classes of dividing cells, one 
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liming twice the chiomo^ome complement of Ihe olhci it seems quite likelv that 
their relative froqnoncu"- cannot lie deduced fiom the iclatnc licights of the 
corresponding DXA modes Howe\ei the turnouts winch have a lowci secondary 
mode arc m the nnnont\ (about 2.7-80 pei cent of those tumoms whose basic 
DXA -value lies between 220 and 200) and foi most tumours which arc “ tetra- 
]iloid as tegards DX \ content Ihe phoiomeliic findings nie consistent with the 
cv lologioal obsenations ehromosonu counts average nutlcai si/c, and, wheie 
se\ clnomatin is cMdent. the piesome of 2 se\ cluomatm bodies per nucleus 
(Atkm l«M»o) 

The occurrence of endonutosis m the hv peidiploid-h-s peitctiaploui gioup of 
tumours which includes those In pci letiaploid tumoms which do not have a 
hvpcrdiploid setondan mode suggests that these turnouts may be in the piocess 
of or nun have completed a ti unit ion fiom the lowci to the higher ploidv 
Whether (ells with a doubled chroinosoinc complement can take ovei as a new 
slem-lmc will of com sc depend on whether the\ ate capable of normal mitosis 
The greatest simnlieame ot pol\ploid\, however mnv he that it forms the basis 
foi furthci evolution Levan (] , h"><>5) lias pointed out that lelinploidy in mouse 
tumoui's js often onlv a tiansient stage on the wav to lnpotctiaploidv, 
secondarv numeiienl variation n often stipoi imposed on the clnomosomal 
doubling Although this nun well he tine foi human turnouts also, there is no 
direct evidence foi this at the moment 'flic uteune turnouts with hypotetiaploid 
DXA modes do not show mm h endonutosis, noi do they have lowci secondary 
modes, their mode of evolution is at picsont unknown 

In view of the above considerations it is not sm pining that no clen-cut 
correlation appears between the clinic il and lustopathological fcatmes of the 
tumours and their DXA values It might he that those tumoms which deviate 
mnrkcdlv from the diploid oi letiaploid levels (i c those in the tuploicl or hexa- 
ploid region) could he lcgarded ns genet icallv “unbalanced” and be expected 
more often to show anomalous behaviour However, we cncountei the difficulty 
that their numbers nie fcwei and that they foim a continuous senes merging 
into the more ncailv “ cuploid tumoms so that any classification foi statistical 
purposes must be puielv nilntinrv 

The perhaps significant lv lughci incidence m the cervical tumouis of high 
basic DXA values at the extremes of the age-range may reflect a greater tendency 
towards polyploidi7ation, perhaps due to hormonal stimuli, in the younger and 
older patients ns compnied with those in the middle age-groups It is clear that 
there is no coi relation m the squamous cell ceivical tumoui’s between the degree 
of differentiation and ploidv level This lack of coirelation has also appeared in 
data (unpublished) on squamous cell tumoms fiom othei sites, including vulva, 
larynx and tongue, where well-differentiated tumours are relatively commoner 
On the other hand the figures foi the corpus tumours suggest that here there may 
e a correlation between degiee of differentiation and ploidy, since all the well- 
ifferentiated tumouis are cither diploid or hypodiploid , it may be that the 
egree of correlation between ploidy and differentiation varies in tumours of 
erent histological type Peiliaps therefore the finding that the adenocarcmo- 
mata of the cervix have predominantly high basic DXA values, in the small senes 
o cases that we have observed, may he related to their more or less undifferentiated 
c aracter rather then to any other factor 

e adenoacanthomata of the cervix require further consideration None of 
54 
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these had a diploid DNA mode, although before treatment two of them had a 
lieteiogeneous population (as regards DNA values) which mcluded a number of 
cells m the diploid region After irradiation therapy, however, in both these cases 
there emerged an actively -growing strain of cells having a tnploid DNA mode 
A further case, from which a pre-treatment specimen was not obtained, gave nse 
to a local recurrence which proved to have a mam mode in the hexaploid region, 
with a smaller tnploid mode The rather frequent occurrence of tnploid /hexaploid 
DNA modes m those adenoacanthomata which proved markedly radioresistent 
appears to be of particular interest The possibility of a lmk between the histo- 
genesis of these tumours, which has been discussed by Glucksmann and Cherry 
(1956) who also find that they frequentty respond poorly to radiotherapy, their 
apparently anomalous DNA content and often radioresistant character would 
appear to ment further mvestigation * 

The data from the squamous cell carcinomata of the cervix that subsequent^ 
recurred locally and the measurements actualty made on local recurrences (Fig 3) 
indicate that these tumours are often higher than diploid, although the difference 
m distnbution from that of the tumours winch responded satisfactorily is not 
statistically significant It is clear that there is no simple correlation between 
radiosensitivity and basic DNA level Perhaps however with an increase m 
chromosome number there is the increased possibility of variation, winch in some 
tumours may he m the direction of greater radioresistance 

SUMMARY 

1 The DNA content of tumour cells from 132 cases of carcinoma of the cervix 
and 33 cases of carcmoma of the corpus has been estimated by microspectro- 
photometry 

2 In all except 2 of the cervical tumours, a clear mode was apparent m the 
frequency distribution of DNA values of a random sample of interphase cells 
m most tumours, from 50 to 90 per cent of the cells fell within ±15 per cent of a 
modal value, which has been referred to as the basic DNA value 

3 The basic DNA values of individual tumours were found to extend over a 
wide range, but fell into 2 mam groups centred on the hyperdiploid and tetraploid 
levels respectively This distinction into 2 groups was clearly seen m the cervical 
tumours although individual tumours ranged from diploid almost to the octoploid 
level There were relatively fewer corpus tumours m the tetraploid region and 
none with DNA values above tetraploid , on the other hand there were 2 liypo- 
diploid tumours 

4 The relation of the basic DNA value to the chromosome number of the 
tumour cells is discussed, and it is concluded that m the majority of cases the 
DNA value bears a reasonably close quantitative relationship to the modal 
chromosome number, although from evidence obtained m a previous study a 
strict parallelism is not necessarily to be expected There is evidence that some 
of the cervical tumours may be in the process of transition from a hyperdiploid 
to a hypertetraploid DNA value by means of endomitosis or some other chromo- 
somal-doubling process 

* Measurements have recently been obtained on 3 further adenoacanthomata of the cervix 
Two had basic DNA values of 131 and 163 respectively before treatment A specimen from the third 
case was not obtained before treatment, but one taken 7 days after the first Stockholm insertion 
had DNA modes m the tnploid and hexaploid regions 
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3 There is no significant i elation in tlie ccrucnl turnouts between basic DNA 
\alue and cluneal stage oi age of the patient although thcic is a suggestion that 
tetrnploid tumouis nm\ be lelatnelv eonnnonei at the e\ticmcs of the age-range 
0 There doe 1 - not appeal to be a eon elation between the degiee of diffeien 
t mt ion of the squamous tell eemeal tumouis and then basic DNA value All of 
the 7 well difleientiated eoi pus tumouis how c\ ei arc eithei diploid oi hypodiploid, 
lmt the numbei of eases u not huge enough to demonstiate a statistically sigm- 
ticant eomTition Theie is a siymtieant diffeience between the squamous cell 
tumour'' of the cer\ i\ wln< h ,ue frequent l\ neai -diploid, and the adcnocaicinomata 
and adenoacanthoinata of the rei\i\ none of which has a ncai-diploid mode 
7 Data domed fiom (i) untieated eemeal turnouts which subsequently 
leeurml loealh and (n) meusuiements made on local lecunenccs suggest that 
radioienstnnt cell stiauis are moie often hndiei than-dqiloid than near-diploid 
In partioular >-e\ oral adenoat mthomata winch lesjionded pooily to ladiotherapj 
had tetiaploid, triploid oi ho\nplmd modes the two lattei being lelativelj un- 
common amoiur the squamous coll tumours 

This work bis been made possible b\ the eollaboialion of the clinical staff of 
Blount Vernon Hospital which n gratefulh acknowledged, as is the technical 
assistance of Miss M ponin Tlianks aic due to Di Honor B Fell, FRS , Di 
M H F Wilkins F R S , and Dr Alma Jlow ud, who kindly read the manuscript, 
and to Dr .1 Bong for statistical nd\icc Expenses mcmrecl in this w r ork have 
been defrn\ed In a grant from the British Empnc Cancel Campaign 


INFERENCES 

Atkin N B— (19(,0) 1 eta In tul Cmirr 16 41 

Idem and RiuiAims B M — (19.50) lint d Cancer, 10, 7C> ( ) 

Badir, S — (1959) / Biophy^ Biochcm Ci/lol , 5 217 

Baikif A G, Brown G \\ M,.I\cors, P A and Mi km , J fe — (1950) Lancet, u, 425 
Ford, C E , Jacobs P A am> Laitiia L G — (195S) A aturc, Lond , 181 1565 
Idem Joms, K W , Polam, P E , di Amu ida J C C and Briggs, J H — (1959) 
Lancet, i, 711 

Idem, Hamtrtox, .1 L AM) Mou R H — (195S) / cell comp Physiol , 52, Suppl I, 
235 

Gllckswann, A and Chi run , C P — (1950) Cancer, 9, 971 
IsrxG, U and L>\ an, K A — (1957), .Ida path microbiol scaml , 40, 13 
Jacobs, P A and Strong, J A — (1959) Mature, Lond , 183, 302 
Klein, G — (1959) Cancer Res , 19, 343 

Lejeunl, L , Gautier, M and Tuutin, R — (1959) C R Acad Set , Pans, 226, 1061 
Bevan, A— (1956a) Ann X Y Acad Sci , 63, 777 —(19565) Exp Cell Res , 11, 613 
-Iakino, S , Ishihara, T and Tonowura, A — (1959) Proc imp Acad Japan, 35, 252 
-Iaxna, G K — (1957) Proc zool Soc Bcng , Mookerjee Mem , p 95 
Richards, B M and Atkin, N B — (1960) Acta Un mt Cancr , 16, 124 — (1959) 
Brit J Cancer, 13, 788 

Strickland, P— (1953) J Obstct Gynaec , But Emp , 60, 89S 
TV O’ J H and Levan, A —(1950) Hereditas, 42, 1 
Jctem and Puck, T T —(1958) J exp Med , 108, 259 



788 


DNA CONTENT OF HUMAN TUMOURS CHANGE IN UTERINE 
TUMOURS DURING RADIOTHERAPY AND THEIR RESPONSE 

TO TREATMENT 

B M RICHARDS* and N B ATKIN 

Wheatstone Physics Laboratonj, King’s College, Strand. , London, W C 2 and 
Department of Cancel Research, Mount Vernon Hospital and 
Radium Institute, Northwood, Middlesex 

Received for publication October 31, 1959 

Ionizing radiations are widely used m the treatment of cancer m man and 
frequently they produce excellent results Sometimes, however, cases are en- 
countered which give very poor results although they are of a type that can be 
expected to respond well to radiotherapy Although these cases are m the min ority 
(a few per cent of the total) they remind us that response to radiotherapy can 
vary considerably between different tumours in any one histopathological group 
An additional complication is that the immediate response, viewed clinically or 
histologically, does not necessarily reflect the ultimate success or failure of the 
treatment These problems, both practical and biological, have been clearly 
annotated by Merrill (195S) m a review of the vanous attempts that have already 
been made to classify radiation response m terms of “ radiosensitivity ” and 
“ radiocurabihty ” A great need still exists, therefore, for an objective method for 
predicting radiosensitivity and ladiocurabihty , the search for such a method is 
impeded m no small degree by the lack of understanding of the effects of ladiation 
on the fundamental processes of dividing cells 

For several years we have been measuring the DNA contents of human tumours 
both before treatment (which has formed the basis of a previous report (Atkm 
and Richards, 1956)) and m some cases during radiotherapy and, if possible, at 
later stages such as at operation Most of our data refer to uterine tumours partly 
because they are common and partly because the type of radiotherapy which they 
receive frequently makes it possible to obtain biopsies at several intervals during 
the course of treatment We have now collected sufficient results to warrant 
some account of the types of effect of the radiation treatment on the pattern of 
DNA values of the tumours and to consider these results with a view to obtaining 
a quantitative cytochemical method for assessing radiocurabihty 

In addition to then practical interest, these observations are of value m the 
study of the effects of irradiation on a dividing cell population An extensive 
literature on this subject already exists but it contains few instances where the 
effects on the fundamental chemical processes, such as DNA synthesis, have been 
examined at the single cell level Our contribution is at a considerable disadvantage 
compared with an experimental study because We have no “ controls ”, and the 
factors of the irradiation treatment are those dictated by the clinician In par- 
ticular we must accept the fact that the dose received at any point m the tumour 
is difficult to assess and standardize Nevertheless, as we have previously suggested 

* Now at Medical Research Council Biophysics Research Unit, King’s College, London, W C 2 
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(Atkin and RiclumK 1 05<») (lie information that can he* obtained ftom human 
tumonis nun be of 111010 dnect lolexanec to the a(nd\ of this disease in man than 
perhaps niudi that i^ obtainable fiom Mudx nip tinnsplantablc tumours of nniin.ih 
The lelatixc ndxnnl.igcs of imestipntinp spontaneous and tinnsplnntnblc lumouis 
hnxe iceentlv been eonsidcied bv Scott (tnr>H) 


"MATl RIALS AM) MLTIlODS 

'J he details of our methods of pi operation of tissues and mcnsuiements of 
Feulgen stain haxe been described piexiouslx (Atkin and Kichaids I *) »0) One 
nnpi ox cmenl that lias been made since that report is that the tumour material 
is now fixed bx methanol free/e substitution at the hospital, thus axoulmg the 
delay inclined in transpoit to King s College before fixation Feulgen staining is 
also done at the hospital and the Feulgen -stained specimens arc transposed 
mounted m non-dnmg immersion oil after hnxmg been dehydrated m the alcohol 
senes and passed through xxlenc If neccssni\ the stained prepaiations nic stored 
for short periods at 2° C Immediately liefore measurement specimens are rc- 
hvdrated and mounted m ghcciol This is necessary because the cell-crushing 
proccdme which is part of the measuring technique, does not work satisfactorily 
with immersion oil ns a mountnnt The amounts of Feulgen stain per cell nucleus 
were measured with the scanning photometer (Dcelcy, I'loo) 

The lcsults for the DNA content (amount, of Feulgen stam) for fiO-lOO tumour 
cells in each tumour are plotted as frequency histograms In some cases the scale 
of the amount, of DNA is logarithmic instead of linear because some specimens, 
particulaih after irradiation, show ranges of DNA \ nines oxer scxernl multiples 
of ploidy The method that xve prcMousIx used for calibrating the amounts of 
stain so that diffeicnt specimens max' he compared, was also used here m this 
a sample of 10-30 inflammatory cells, usually polxmiorphonuclcar leucocytes, is 
measured m every specimen these act as a standard xxluch x)e designate the 
1 1 ’ x’alue and the scale of amounts of DNA m the histograms is thus in terms of l 


RESULTS 

The limitations of any system of classification of human tumours are empha- 
sized by the differences in response of the tumours in any one group to the same 
method of radiation treatment This x r armtion m response between indmdual 
cases may appear m the early stages of tieatment or only after completion of 
treatment Likewise, m the results repoited here, the effect of irradiation on the 
DNA content and pattern of DNA x r alues m tumours may x r ary between individual 
tumours in both early and late stages of treatment 

The results descubed here are limited to those on tumours of the uterus for 
the reasons given in the Introduction In a parallel paper (Atkin, Richards and 
Ross (1959)) w'e have considered our results, both those presented here and from 
ot ier tumours, m relation to the system of clinical staging that has been standard- 
ized tor some years, and also to other factors, e g , age of patient In tins report 
we have attempted to discuss the changes produced by the radiation treatment in 
the pattern of DNA values in all the cases m which we have been fortunate enough 
to have obtained specimens before, during and occasionally after the course of 
treatment Table I includes the relevant data on pathology and treatment for 
the cases xvluch we have selected for illustration in this paper 
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that this case received only 2 Stockholm doses, the treatment being completed by 
operation J 

Fig 2 and 3 show two cases of carcinoma of the uterine body (case No 491 and 
161) winch were treated by radium and by cobalt (Co 60 ) insertions (Strickland, 



Fig 2 — Carcinoma of tho corpus beforo trentmont , 3 days after radium insertion 


l 21 



Fig 3 — Carcinoma of the corpus before treatment , 7 days after first treatment 

with intracavitary Co® 0 

1963) respectively In neither case can any significant change be detected at the 
short times after irradiation at which second specimens were available but m 
both these cases the specimen may have been taken too soon after the beginning 
of irradiation for marked changes to have occurred 

Although all 6 cases, of which the aforementioned 3 are examples, failed to 
show significant, changes m tumour samples taken during treatment, the clinical 
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response m each case was good, except m case No 501 where the presence of mitoses 
in the Wertheim specimen indicated that active tumour remained, hut since 4 
of these cases (including No 501) were operated upon (total hysterectomy oi 
Wertheim’s hysterectomy) at varying times following radiotherapy, the success 
of the radiation treatment alone could not he assessed 

2 Typical changes 

Apart from the 6 cases mentioned in the previous section, all cases studied 
showed significant changes m the early stages of treatment (i e at 7 days) These 



DNA ( log scale) 


Fig 4 — Carcinoma of the cervix before treatment , 7 days after first radium insertion 


l 21 41 81 



Fig 5 -Carcinoma of the cervix (stump) before treatment , 14 days after first 

radium insertion 


c f Tixr a are i re S arclecl a8 t yP lcal of ^<3 early effects of irradiation on the pattern 
ot UNA value because they appear m most tumours irrespective of additional 
or subsequent changes (or of the final outcome of the treatment) These changes 

~ re TW me GXtent 8imiiar to those that have been observed as radiation effects 
n n^A content m the cells of transplantable animal tumours (see later) 
base No 421 (Fig 4), an exophytic Stage I cervical carcinoma, shows a striking 
accusation of cells with larger DNA values, and, m this case, the histogram has 

definite modes at exact multiples of the basic DNA value This is a rdmrfnw + 
patte hlch frequen% 8e P en at 7 dayg fol]mving 

hese higher values are also commonly found at 14 days after a radium 
as for example, m Fig 5 (case No 449, a Stage H ceS tLomf Thl ’ 

ance of lugher multiples of DNA values is to be exacted W fb The ,, a i Epear “ 
Siam ceu ■■ formation after irrad,at,on teen in So o^af^ies I “ 0 '™ 
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Both, cases described so far in tins section were near-diploid tumours, but the 
typical radiation response of increasing frequency of higher ploidy multiples is also 
found with near-tetraploid (2 Z) tumours An example of this is case No 486 
(Fig 6), a cervical carcinoma, winch at day 7 after the first radium insertion shows 
a prominent mode at near-octoploid (4 l) and also values m excess of 16 Z Seven 
days later (after a second insertion of radium at day 7) higher multiple values 
persist but there is some suggestion of a mode at the original basic DNA value 
In all 3 cases so far described the last histogram represents the last occasion 
on winch viable cells were present m samples taken during treatment , subsequent 
samples, where available, contained no tumour, and 6 months follow-up exanuna- 


l 2t 41 81 161 



DNA (log scnle) 


Fig 6 — Carcinoma of tho cervix before treatment , 7 days after first radium insertion , 

7 days after second radium insertion 


tions gave favourable results The typical changes seen in the early stages of 
radiation treatment probably reflect only the sensitivity of the majority of the 
tumour cells to radiation and do not imply that the tumour as a whole is curable, 
because such response changes are found m both successfully and unsuccessfully 
treated cases 

3 Unusual changes 

Some of the cases that we have had the opportunity to examine have been 
noteworthy for one of two reasons Firstly, they may have shown unusual features 
m the changes m then pattern of DNA values brought about by the radiation 
treatment, or secondly, they may have shov n radioresistant properties which 
make them important from the clinical standpoint Clearly, our aim is to see 
whether we find cases that are noteworthy for both reasons, or better still, if those 
that have a poor prognosis have patterns of DNA values before treatment which 
are unusual In this way it might be possible to obtain an objective quantitative 
cntenon of radioresistance We shall now describe some of the cases m which 
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we have encountered unusual results and later attempt to assess the value of our 
observations with respect to such a criterion 

An interesting case was one treated at the Middlesex Hospital by a modified 
Paris radium technique m which it was possible to obtam a biopsy very much 
sooner after the beginning of treatment than the customary 7 days (for the 
Stockholm method) Tins was a Stage II cervical tumour, the results for which 


21 41 81 161 



DNA (log scale) 


IO " “—Carcinoma of the cervix before treatment , 24 hours after commencement of treat 
rnent , 5 days after commencement of treatment , at completion of radiation treatment , 
of ^ < ^ a Y s Q ft er commencement of treatment (radium was inserted for two periods 

Rre ^histrated m Fig 7 (case No 280) Radium insertions were given for two 
p oi l 0 s day 0 to day 3, and day 5 to day 8 It is noteworthy that the change in 
not va ^ ues towards the appearance of higher multiple values is 

ela °d n a ^ er the beginning of irradiation, whereas when 5 days have 

v J? se ’ . three of which the tumour was exposed to radiation, there is a 
erect mar ^ change 111 this direction The patient underwent a Wertheim’s hyst- 
tiuno when the small residuum of tissue found indicated that the 

tlm 1 '!■!' rat hosensitive After 4 months, however, a recurrence appeared in 
Die left side of the pelvis 
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As aheady mentioned we have found two cases m winch the ladiation treatment 
seems to have had a more interesting effect on the tumour than the typical one of 
increasing the fiequency of cells with highci DNA content , the typical effects 
in the early stages are neveitheless piesent The unusual feature is the fact that 
the pattern of DNA content in the tumour aftei the end of radiotherapy differs 
from that present m the untreated turnout in a manner not found in other cases 
The first of these is given m Fig S (case No 72 — a Stage II cervical carcinoma) 



DNA 


Fig 8 — Carcinoma of the cervix (adonoacanthoma) before treatment , 7 days after first 
radium insertion , 14 days after second radium insertion, biopsy specimens of actnely 
growing tumour at primary site obtained on days 51, 70 and 73 


In this case, the pre-treatment biopsy is itself unusual noth a lelatively flat distri- 
bution , the basic DNA value is difficult to determine owing to the lack of a 
definite mode but is probably very near the l value The tumour failed to regress 
after radium treatment by a modified Stockholm technique so that tumour 
material was available at day 7 and 21 during radium treatment, at day 51 and 
70 after treatment, and finally at day 73 when laparotomy was performed Soon 
after the last operation the patient died 

The samples at day 7 and day 21 both show the typical increase in the fre- 
quency of higher DNA values of which, however, relatively few exceed 4 l , cell 
divisions were noted m each sample, and anaphases and telophases were seen at 
day 7 (i e , very soon after irradiation) Almost 2 months after the beginning of 
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treatment there was actively growing tumour at the primary site , tins shows a 
fairly definite mode of DNA values at about 1 \ l In both subsequent tumour 
samples this mode is very pronounced, and there is a range of values going up to 
but rarely exceeding 3 l This pattern of DNA values differs very much from that 
of the original tumour and hence it appears that a new actively growing tumour 
strain had emerged The radiation treatment may have selected a resistant cell 
bneage having a different DNA content from the majority of the original tumour 
cells 

Many of the unusual features of this case (No 72) were also found m another 
(case No 537— Stage II cervical carcinoma), the DNA values for which are given 
m Fig 9 Unfortunately, biopsies were available at day 0, 7 and SI only In the 
pre-treatment sample (day 0) an extremely wide range of DNA values is found, 
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Fig 9 — Carcinoma of the cervix (adenoacajvthoma) before treatment , 7 days after first 
radium insertion , biopsy specimen of local recurrence on day 81 


i e well outside the twofold range in which most of the cells of a dividing cell 
population usually lie Like the previous case the pre-treatment distribution is 
essentially flat, but here the total range of values is much wider than twofold 
Although values near l are frequent, it is not possible accurately to assign a figure 
for the basic DNA value Seven days after the first radium insertion the charac- 
teristic increase m the frequency of higher values has occurred but at day 81, 
when laparotomy was performed, there is evidence of a mode of values appearing 
between l and 2 l There are some indications, therefore, that the changes in the 
pattern of DNA values following treatment are similar to those found m the case 
last described, while a comparison of the cluneal features and prognosis of the 
tn o cases reveals many similarities Shortly after the end of radiation treatment 
a considerable amount of tumour remained In this case (No 537) the tumour 
remained inoperable and, moreover, proved resistant to a further course of deep 
A -rays It is interesting that both these tumours which had been dramatically 
unresponsive to radiation treatment and which showed a pattern of DNA values 
unlike that seen for other tumours, should have been identified as “ mixed ” 

, !”"° r ; irs 4 CCOTdl »S to tlle histological classification of Glucksmann and Cherry 
( o ) I icse authors also find such tumours to be frequently radioresistant 
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